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COMPARISON    OF   THK   CARBONIFEROUS  AND    PER- 
MIAN FORMATIONS  OF  NEBRASKA  AND  KANSAS. 

INTRODUCTION. 

Aftkr  having  devoted  three  summers  to  the  study  of  the 
Upper  Carboniferous  and  Permian  formations  of  Kansas,  the 
writer  recently  reviewed  quite  rapidly  the  similar  formations  of 
southeastern  Nebraska,  and  in  this  paper  will  give  an  outline  of 
their  general  correlation. 

No  particular  formation  was  traced  from  Kansas  into  or 
across  Nebraska,  nor  were  the  stratigraphic  details  worked  out 
carefully  in  Nebraska;  still  the  work  done,  limited  as  it  was  in 
character,  showed  the  geologic  age  and  general  relation  of  the 
rocks  of  Kansas  to  those  of  Nebraska,  and  as  various  opinions 
arc  entertained  regarding  these  relations  it  seems  important  to 
«^ive  a  brief  description  of  this  work. 

NE.MAHA  COUNTY. 

\\\ih{7Uftste  fonnation. — It  is  desirable  to  select  the  three 
counties  —  Nemaha,  Otoe,  and  Cass  —  in  which  the  greater  part 
of  the  field  work  was  done,  for  the  general  subdivisions  of  this 
pa|)er  and  then  under  each  county  to  describe  its  geologic 
formations,  beginning  with  the  oldest. 

The  exposures  in  the  eastern  part  of  Nemaha  county  along 
the  Missouri  River  were  very  fully  described  by  Meek,*  sections 

'  Final    Kep.    l'.    S.    Geol.    Sur.    Nebraska    and    adjacent     Territories,    Pt.   II, 
raleontolo>(y.  pp.  ioq-114. 
\<H..  \'.,  N«>.  I.  I 
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were  given,  together  with  lists  of  fossils  from  the  vicinity  of  the 
towns,  Peru,  Brownville,  and  Aspinwall,'  and  the  following 
species  were  reported  by  him  from  these  localities : 

1.  Neuropteris  hirsuia  Lesqx. 

2.  Neuropteris  Loschii  Brgt. 

3.  Fusulina  cylindrica  Fischer. 

4.  Productus  nebrascensis  Owen. 

5.  Productus  semireticulatus  (Martin)  de  Kon. 

6.  Derbya  crassa  (M.  &  H.)  Hall  &  Clarke. 

7.  Meekella  striato-costata  (Cox)  White  &  St.  John. 

8.  Spirifer  camera tus  MoT\or\. 

Q.  Spirifer  (^Martinia)  piano-convex  us  Shum. 

10.  Spiriferina  kentuckcnsis  Shum. 

11.  Athyris  (Semifluid)  subtilita  (Hall)  Newb. 

12.  Nuculana  bellistriata  (Stevens)  Meek. 

13.  Myalina  perattenuata  M.  &  W. 

14.  Aviculopecten  Whitei  Meek. 

15.  Edpnondia  aspinwallensis  Meek. 

16.  Allorisma  subcuneatum  M.  &  H. 

1 7.  Bellerophon  percarinatus  Con. 

18.  Straparollus  {Euomphalus)    catil hides   (Con.)    Kty^^  —  Euomphaius 
ru^osus  Hall. 

19.  Xautilus  occidentalis  Swallow. 

20.  Deltodus  (?)  annularis  N.  &  W. 

2 1 .  Productus  lofigispinus  Sowb.  =  Nor.  &  Pratt. 

22.  Chonetes  granulifera  Owen. 

23.  Bellerophon  carbonarius  Cox. 

24.  Bellerophon  Montfortianus  Nor.  &  Pratt. 

25.  Productus  Pertenuis  Meek. 

26.  Productus  cora  d'Orbigny. 

27.  Myalina  subquadrata  Shum. 

28.  Aviculopecten  occidentalis  (Shum)  M.  &  W. 

The  fossils  of  the  above  list  are  nearly  all  well-known  Carbonif- 
erous species  as  was  stated  by  Meek." 

Marcou  referred  the  rocks  along  the  Missouri  River  in  this 
county  to  the  Dyas^  (=  Permian)  but  this  view  was  thoroughly 

*Fin.  Rep.  U.  S.  Geol.  Sur.  Nebraska,  etc.,  pp.  109,  no,  112,  and  the  "Tabular 
list,  illustrating  the  geological  and  geographical  range  of  the  fossils  of  eastern 
Nebraska,"  pp.  124-127. 

» Ibid,^  p.  114. 

3  Bull.  Soc.  G^ol.  France,  2*  s^ric,  t.  XXI,  1864,  p.  134. 
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disproved  by  Meek,  who  criticised  Professor  Marcou's  corre- 
lation in  the  following  words :  **  but  upon  what  evidence  he 
[Professor  Marcou]  does  not  say,  nor  is  it  apparent  to  anyone 
wiio  regards  fossils  as  any  guide  in  identifying  rocks,  as  those 
found  here  consist  of  the  same  forms  constituting  the  group  so 
often  mentioned  as  characterizing  the  Coal  Measures  of  the 
Western  States."' 

Meek  regarded  the  exposures  along  the  Missouri  River  in 
Nemaha  county  as  geologically  above  the  Nebraska  City  beds, 
for  he  said  :  **  At  Nebraska  City,  and  below  there,  at  Otoe  City, 
Brownville,  and  Aspinwall,  there  are,  perhaps,  altogether,  near 
I  50  to  200  feet  of  additional  strata,  all  holding  probably  a  posi- 
tion above  the  geological  horizon  of  the  top  of  the  boring  at 
Nebraska  City.'*'  On  the  contrary,  Dr.  Hayden  regarded  the 
Aspinwall  section  as  somewhat  older  than  that  at  Nebraska 
City,  for  he  said:  **The  rocks  at  Aspinwall  are  all  geologically 
at  a  little  lower  horizon  than  the  Nebraska  City  beds,  and  mostly 
beneath  the  Brownville  beds.'*^  In  the  Aspinwall  section  Meek 
reported  a  stratum  of  coal  one  foot  ten  inches  in  thickness, 
eighteen  feet  above  low  water  of  the  Missouri  River  and  another 
six-inch  stratum  eleven  and  one-half  feet  higher.  No  oppor- 
tunity was  afforded  me  to  study  this  section,  hence  I  am  unable 
to  state  whether  the  coal  lies  at  the  base  of  the  Wabaunsee 
formation  or  not ;  but  all  the  rocks  of  this  county  exhibited 
along  the  bluffs  of  the  Missouri  River  belong  to  that  geologic 
series  usually  termed  the  Upper  Coal  Measures,  for  which  Dr. 
Keyes  has  proposed  the  very  appropriate  name  of  Missourian.^ 

'  Kin.  Rep.  U.  S.  Geol.  Sur.  Nebraska,  etc.,  p.  114. 

*  /Hd.,  p.  137  ;  also  see  p.  123,  where  a  similar  statement  occurs. 

^Jbid.^  p.  17. 

-•  Am.  Gcol.,  Vol.  XVIII,  July  1896,  p.  25  ;  also  see  Iowa  Geol.  Surv.,  Vol.  1, 1893, 
p.  85.      The  writer  would  suggest   the  following  classification  for  the  Upper  Coal 

Measures  of  the  Western  Interior  province : 

i    Cottonwood  formation  (Prosser) 
Wabaunsee 


((  *( 


The  formations  below  the  Wabaunsee  have  been  recently  studied  by  Drs.  Keyes  and 
Haworth,  to  whom  the  writer  leaves  the  selection  of  names  for  the  lower  part  of  the 
series. 


4  CHARLES  S.  PROSSER 

With  the  exception  of  the  region  adjacent  to  the  Missouri 
River,  the  geology  of  Nemaha  county  was  not  described  by 
Meek  or  Hayden. 

About  twelve  miles  northwest  of  Aspinwall  and  some  235 
feet  above  Nemaha  City,  which  is  near  the  level  of  the  Missouri 
River,  and  near  the  center  of  Nemaha  county,  is  Auburn,  the 
county  seat.  To  a  large  extent,  the  rocks  of  this  region  are  con- 
cealed by  the  thick  deposit  of  loess,  but  there  are  occasional 
exposures  along  the  streams  or  at  favorable  places  on  the  bluffs 
or  hills.  In  the  vicinity  of  Auburn  are  a  few  outcrops  of  rocks 
which  are  referred  to  the  upper  part  of  the  Wabaunsee  forma- 
tion. Along  the  highway,  one  and  one-fourth  miles  directly 
west  of  Auburn,  the  rocks  show  for  a  short  distance.  The  top 
of  the  outcrop  is  some  thirty-five  feet  higher  than  the  Auburn 
hotel,  or  approximately  270  feet  above  the  Missouri  River,  and 
is  just  west  of  the  Sheridan  cemetery  on  the  east  side  of  the  South 
Fork  of  the  Nemaha  River.  The  following  beds  occur  in 
descending  order : 

Feet 

5.  Rough  yellowish  limestone 1  =  65 

4,  Soft  light  gray  to  yellowish  shales         -         -         -         -         -  2  =  6| 

3.  Drab  hard  limestone  that  weathers  to  a  light  gray  color.     A  few 
fossils — Az'icu/opt'cftrfi  occidefitaiis  (Shum.)  M.  &  W.  and  frag- 
ments of  other  species      -         -         -         -         -         -         -         -        2  =  62 

2.  Light  gray  and  greenish  shales,  the  lowest  very  white  ^  (     _  ( 

I.  Covered  to  the  level  of  South  Fork  of  the  Nemaha  River  -         -  i 

These  rocks  are  considered  to  belong  in  the  upper  part  of 
the  Wabaunsee  formation ;  for  on  the  upland  two  and  one-half 
miles  farther  west  and  perhaps  fifty  feet  higher  is  a  ledge  of  light 
gray  limestone  composed  to  a  considerable  extent  of  specimens 
of  Fusidina  cylindrica  Fischer  which  the  author  regards  as  the 
Cottonwood  limestone  of  Kansas.  There  are  a  number  of  out- 
crops and  (juarries  of  this  limestone  on  the  upland  in  the  western 
central  part  of  Nemaha  county,  as  well  as  a  few  exposures  of  the 
underlying  rocks,  but  as  they  are  only  a  few  miles  northwest  of  this 
eastern  outcrop  of  the  Cottonwood  limestone  they  may  be 
described  in  connection  with  it. 
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Cottonwood  formation, — The  most  eastern  outcrop  of  the  Cot- 
tonwood limestone  seen  in  Nemaha  county  is  the  one  which  is 
known  as  the  Van  Court  or  Keyes  quarry  and  is  three  and  three- 
fourth  miles  directly  west  of  Auburn.  Unfortunately  my  barom- 
eter at  the  time  of  my  visit  was  not  reading  accurately ;  but  its 
altitude  is  estimated  as  some  345  feet  above  the  Missouri  River. 
The  Cottonwood  limestone  forms  a  massive  light  gray  stratum 
four  feet  thick,  moderately  hard  and  filled  with  large  numbers 
of  Fusulina.  When  freshly  broken  the  Fusulinas  though 
slightly  darker  in  color  than  the  limestone  are  less  prominent 
than  on  the  weathered  surface  and  are  only  conspicuous  when 
seen  through  a  magnifying  glass.  On  the  weathered  surface  of 
the  rock  the  shells  resist  decay  longer  than  the  limestone  and 
stand  out  prominently.  One  who  has  visited  the  large  quarries 
of  Cottonwood  limestone  in  northern  and  central  Kansas  would 
be  immediately  impressed  with  this  very  striking  similarity. 
Few,  if  any,  fossils  other  than  Fusulina  cylifuinca  Fischer 
occur  in  this  limestone ;  only  an  occasional  fragment  of  a  spine 
of  Archieocidaris  or  a  bit  of  shell  was  noticed.  The  section  at 
the  Kevcs  quarrv  is  as  follows : 

Ft.  In.       Ft.  In. 

3.  Shaly  limestone  containing  Athyris  (Seminuhi)  subtilita  (Hall) 

Newb.  and  a  few  other  fossils      -         -         -         -         -         -1=69 

2.   Light  gray  shales  to  shaly  limestone        -  -         -  19  =  59 

I .   Cottonwood  /imestone,  light  gray  massive  Fusuiina  limestone      4       =4 

The  Nimaha  county  quarry  which  is  the  most  extensively 
w^orked  is  the  next  well-exposed  section  of  the  Cottonwood 
limestone  and  is  one  and  one-fourth  miles  west  of  the  Keves 
(juarry.  It  is  located  by  the  side  of  the  Burlington  and  Mis- 
souri River  Railroad,  five  miles  due  west  of  Auburn  and  one  mile 
north  of  Hickory  Grove.  The  average  of  three  barometric 
readings  makes  the  bottom  of  the  quarry  130  feet  higher  than 
Auburn  or  approximately  365  feet  above  the  Missouri  River. 
This  is  twenty  feet  higher  than  the  base  of  the  Keyes  (juarry 
which  gives  a  dip  directly  east  of  twenty  feet  in  one  and  one- 
fourth  miles  or  at  the  rate  of  sixteen  feet  per  mile.     The  follow- 
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ing  section  of  the  Nemaha  county  quarry  gives  a  clear  idea  of 
the  character  of  the  Cottonwood  limestone  and  associated  rocks 
as  they  appear  in  Nebraska. 

SECTION    OF    THE    NEMAHA    COUNTY    QUARRY. 

Ft.    In.  Ft.     In. 

5.    Soil  3  =1210 

4.  Somewhat  shaly  light  gray  limestone  used  for  riprap. 
Fossils  common,  especially  Athyris  {Seminula)  subti/ita 
(Hall)  Newb.        -         -         -         -         -         -         -         -210=910 

3.  Light  gray  shaly  limestone  changing  to  shales  on  weath- 
ered surface,  used  for  railroad  ballast.  From  i  foot  i 
inch  to  1  foot  g  inches  in  thickness.  Fossils  not  so 
common  as  in  upper  limestone      -         -         -         -         -19=  7 

2.  Cottonivood  limestone t  of  light  gray  color,  containing 
immense  numbers  of  Eusulina  cyliptdrica  Fischer.  In 
two  layers,  the  upper  2  feet  and  the  lower  i  foot  thick,    3  =53 

I.  Light  gray  to  slightly  yellowish  limestone,  which  con- 
tains some  almost  white  streaks  and  in  places  is  bluish 
in  color.  \'ery  few  specimens  of  Fusulifia.  Bottom  of 
the  quarry  -         -         -         -         -         -         -         -23       =       23 

As  stated  above,  No.  2  of  the  section  contains  immense 
numbers  of  Fusulifia  cylindrica  Fischer  with  an  occasional  broken 
spine  of  Archaocidaris  sp.;  while  in  No.  i  there  are  very  few 
specimens  of  Fusulina,  This  character  agrees  with  the  Cotton- 
wood limestone  at  its  typical  localities  in  Kansas  where  the 
Fusulinas  are  only  found  abundantly  in  the  upper  part  of  the 
limestone.  On  this  account  it  seems  advisable  to  the  writer  to 
regard  both  Nos.  i  and  2  as  representing  the  Cottonwood 
limestone  of  Kansas  which  will  give  it  a  thickness  of  five  feet 
three  inches  in  the  Nemaha  county  quarry.  The  shaly  lime- 
stones and  shales  above  the  Cottonwood  limestone  —  Nos.  3  and 
and  4  of  the  section — contain  a  moderate  number  of  fossils 
although  none  of  the  species  are  abundant.  The  following  were 
collected : 

Athyris  {Seffiinu/a)  subti/ita  (Hall)  Newb.^.-I.  argentea    (Shep.)  Keycs 
(c).' 

Productus  semireticulatus  (Mart.)  de  Kon.  (c). 
*  The   relative  abundance  of  the  species  is  indicated  in  tlie  following  manner : 


A 


Jb 
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Derbya  crassa  (M.  &  H.)  H.  &  C.  (rr). 
Pinna  Peracuta  Shum.  (?)  only  a  fragment  (rr). 
Allorisma  sp.  fragment  of  an  impression  (rr). 
Archctocidaris  sp.  fragment  of  spines  (r). 

Above  the  Cottonwood  limestone  in  northern  and  central 
Kansas  are  about  fourteen  feet  of  yellowish,  calcareous  shales, 
the  lower  seven  feet  of  which  contain  abundant  fossils.  Ill 
Nebraska  no  similar  shales  have  been  found  above  the  Cottoni 
wood  shales.  Perhaps  the  shaly  limestones  and  shales  —  Nos.  3 
and  4  of  the  above  section  —  represent  the  Cottonwood  shales, 
although  the  fossils  are  not  nearly  as  abundant.  If  this  sup 
position  be  correct,  then  they  belong  in  the  Cottonwood  forma 
tion.  Again  it  is  possible  that  the  Cottonwood  shales  are  repre-^ 
sented  by  the  thin  shale  or  shaly  limestone,  No.  3,  which  is 
between  one  and  two  feet  in  thickness ;  while  No.  4  represents 
the  shaly  limestones  at  the  base  of  the  Neosho  formation  in 
Kansas.' 

The  Gilbert  quarry  region  is  six  miles  west  and  two  and  one4 
fourth  miles  north  of  Auburn  or  about  two  and  one-half  mile^ 
northwest  of  the  Nemaha  county  quarry.  Near  the  head  of  ^ 
small  stream  and  by  the  highway  are  several  quarries.  One  on 
the  east  side  of  the  highway,  just  south  of  the  Gilbert  quarry, 
gives  the  following  section  : 

Feet  Feet 

5.  Coarse  grayish  shales  to  rather  shaly  gray  limestone  at  the 

base 3=  10^ 

4.  Massive  gray  limestone/fragments  of  fossils  numerous  (2 

feet  in  Gilbert  quarry) i|^  =    7^ 

3.  Rather  coarse,  grayish  shales   (shaly  limestone  in  Gilbert 

quarry) \%  -    (i% 

2,  Cottonwood  limestone,  massive  Fustilina  limestone  with 
small  amount  of  flint  and  an  occasional  crinoid  segment,  and 
fragment  of  Athyris 3^=5 

I.  Grayish  to  slightly  buflf  limestone  without /^«jw//Wtfj.  Bot- 
tom of  quarry \)^  =l    \y^ 

a  =  abundant ;  aa  =  very  abundant ;  c  =  common  ;  r  =  rare  ;  rr  =  very  rare,  when  but 
one  or  two  specimens  are  found. 

*Sce  Journal  of  Geology,  Vol.  Ill,  1895,  P-  766. 
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The  Cottonwood  limestone  and    the  succeeding   Nos.  3,  4  and 
5  of  this  quarry  are  fairly  well  shown  in  Fig.  1. 

The  Fusulina   limestone   is  filled  with  specimens  of  Ftisiilino 
cylituirica    Fischer  all  the  way   through    the    massive   stratum  ; 


I.  View  «[  C<>[ tun woud. limestone  just  south  of  llie  Gilbert  ijuatry.  luirthwesl  oi 
Auburn.  The  Cottonwood  limestone  is  the  heavy  layer  at  the  tioltum.  Then  in 
ascending  order  are  shown  Xos.  2,  Jt  anil  4  of  the  t^cction. 

but  as  in  the  Nemaha  county  quarry  both  Nos.  1  and  2  are 
regarded  as  representing  the  Cottonwo6d  limestone  of  Kansas. 
The  base  of  this  quarry  is  forty  feet  higher  than  that  of  the 
Nemaha  county  ([uarry  or  approximately  405  feet  above  the 
Missouri  River.  Since  it  is  two  and  one-half  miles  northwest  of 
the  Nemaha  county  (juarry  it  gives  between  the  two  a  dip  of 
sixteen  feet  per  mile  to  the  southeast. 

In  a  small  run  a  quarterof  a  mile  north  of  the  Gilbert  quarry 
and  some  seventy  feet  lower,  the  outcro])  shows  a  ledge  of  light 
gray  to  buff  rather  hard  limestone  with  shaly  layers  above  and 
below.  Fossils  are  few.  Avkiiiopectcii  ocddciitaUs  |Shum.)  M. 
&   W.  and   Cythcre  iiebretsceiisis  Geinitz  (r)   occur   in  the  shaly 
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layers  and  in  some  of  them  are  large  numbers  of  this  minute 
Crustacean  or  a  closely  related  species. 

The  Carlisle  quarry  is  located  on  the  northern  edge  of  the 
rather  steep  bluff  some  distance  south  of  the  Nemaha  River.  It 
is  nearly  one  mile  north  of  the  Gilbert  quarry,  and  six  miles  west 
and  3  -r  miles  north  of  Auburn.  This  is  at  the  northern  edge 
of  the  upland  south  of  the  Nemaha  River  and  the  farthest 
north  that  the  Cottonwood  limestone  was  found.  In  this  quarry 
the  base  of  the  Cottonwood  stone  is  about  twenty  feet  higher 
than  in  the  Gilbert  quarry.  The  section  of  the  G.  W.  Carlisle 
quarry  is  as  follows : 

Feet  Fc€t 

4.  Shaly  limestone i  li  =  7X 

3.  Massive  limestone 2      =  5  f/ 

2.  Shale I  i,+"  =  33/ 

I.   Cottan'ivood \\vci^%\Km^,     Hottom  of  quarry      -  2>^  =  2>^ 

Below  the  Cottonwood  stone  on  the  slope  of  the  hill  are  thin 
ledges  of  smooth  limestone  alternating  with  shales.  There  is 
one  stratum  of  limestone  which  on  a  weathered  surface  is  rough 
and  .cellular  something  like  the  "dry  bone"  limestone  in  Kansas. 
There  are  also  some  reddish  shales  and  the  rocks,  which  for 
sixty  feet  below  the  Cottonwood  limestone  are  partly  exposed, 
resemble  to  some  extent  the  upper  rocks  of  the  Wabaunsee  forma- 
tion in  Kansas.  These  rocks  are  somewhat  fossiliferous  and  in 
a  bluish-gray  shaly  limestone  from  twenty  to  thirty  feet  below 
the  Cottonwood  limestone  the  following  species  were  collected  : 

Avicuhpecten  occidentaiis  (Shuni.)  M.  &  \V.  (r). 

Plt'iirophorus    subcostatus    M.   &   W.  (?)     Two    rather  large    specimens 
which  resemble  the  figures  of  this  species  <juite  closely  (rr). 
Aliorisma  (Sedgunckia)  of.  topekaensis  (Shum.)  (Meek)  (rr). 
Edmondia  sp.  (rr). 
Reiierophon  sp.  (rr). 

In  the  region  west  of  Auburn  the  highest  rock  found  in  place 
is  the  Cottonwood  limestone  with  the  shaly  limestones  imme- 
diately  on  top.  The  country  to  the  west  of  the  Nemaha  county 
quarrv  rises  from  100  to  125  feet  higher,  but  a  somewhat  hasty 
search    failed  to  reveal   any  ledges  of  rock  in  place,  all   being 
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quite  deeply  covered  by  drift  and  loess.  On  this  high  country 
seven  and  one-fourth  miles  west  and  one  mile  north  of  Auburn 
is  a  Burlington  and  Missouri  River  R.  R.  cut  of  ten  feet  which 
only  shows  the  recent  deposits,  so  that  it  would  appear  to  be  a 
difficult  undertaking  to  find  the  bed  rock  on  the  uplands.  This 
difficulty  was  experienced  by  Dr.  Hayden  who  stated  that : 
*•  From  Tecumseh  [the  county  seat  of  Johnson  county,  twenty- 
two  miles  west  of  Auburn]  to  the  source  of  the  Nemaha,  about 
forty-five  miles,  I  did  not  discover  a  single  exposure  of  rock,  and 
I  could  not  ascertain  that  any  had  ever  been  observed  by  the 
settlers." ' 

From  the  facts  stated  above  it  seems  reasonably  certain  that 
the  massive  limestone  west  of  Auburn  may  be  correlated  with 
the  Cottonwood  limestone  of  Kansas.  Lack  of  time  prevented 
the  actual  tracing  of  this  limestone  south  to  the  exposures  of 
Cottonwood  limestone  in  northern  Kansas,  yet  its  biologic  and 
lithologic  characters  arc  so  similar  to  those  of  the  Kansas 
stone  that  it  appears  quite  certain  they  belong  to  the  same  for- 
mation. In  Kansas,  the  Cottonwood  limestone  is  reported  by 
Professor  Knerr  in  the  northeastern  part  of  Marshall  county 
where  he  states  that  it  **  disappears  under  the  drift  about  five  miles 
north  of  Beattie  in  Marshall  county."^  This  locality  is  about 
fifty  miles  southwest  of  the  Nemaha  county  quarry  of  Cotton- 
wood limestone  in  Nebraska. 

JOHNSON  AND  GAGK  COl'NTIES. 

Wabaunsee  fonnation. —  Johnson  county  lies  directly  west  of 
Nemaha  county  to  the  west  of  which  is  Gage  county  which 
extends  south  to  the  state  line  and  is  crossed  by  the  Big  Blue 
River.  At  Tecumseh  in  Johnson  county  about  fifteen  miles  west 
of  the  Nemaha  county  quarry  and  from  lOO  to  200  feet  lower,  as 
far  as  1  can  judge  from  the  data  at  hand.  Dr.  Hayden  reported  a 

'Fin.  Rep.  U.  S.  (ieol.  Sur.  Nebraska,  p.  34. 

*  Univ.  Geol.  Sur.  Kansas,  Vol.  I,  189b,  p.  142.  Also  sec  "A  Geologic  Map  of 
Kansas  (preliminary)/*  PI.  XXXI,  in  the  above  work  on  which  the  line  of  outcrop  of  the 
Cottonwood  limestone  is  represented. 
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stratum  of  coal  from  ten  to  fifteen  inches  in  thickness.'  In  this 
connection  it  is  interesting  to  state  that  Professor  Knerr  noted 
the  occurrence  of  **a  shale  bearing  a  four-inch  stratum  of  coal  " 
which  is  given  as  from  50  to  100  feet  below  the  Cottonwood 
limestone."*  Again,  in  the  vicinity  of  Tecumseh  Dr.  Hayden 
stated  that  **in  a  bed  of  limestone,  holding  a  high  position  in  the 
hills,  the  following  fossils  were  found  :  Spirifer  cameratus,  Athyris 
siibtilita,  Syntrilasfna  hemiplicata  [^Eftteletes  he7niplicatus\  Producttis 
semircticulatiisy  ^  In  Kansas,  where  the  writer  has  carefully 
studied  the  stratigraphy  and  palaeontology  of  the  Upper  Car- 
boniferous and  Permian  rocks  along  the  Kansas  and  Cottonwood 
valleys  where  they,  as  far  as  known,  are  more  clearly  exposed 
than  at  any  other  locality  in  the  two  states,  Spirifer  cameratus 
Morton  has  not  been  found  above  the  top  of  the  Wabaunsee 
formation,  and  from  this  fact  the  writer  is  inclined  to  refer  the 
limestone  mentioned  by  Dr.  Hayden  to  the  Wabaunsee  forma- 
tion. 

Permian, —  In  Gage  county,  which  lies  next  west  of  Johnson 
county,  Dr.  Hayden  reported  grayish  and  yellowish  argillaceous 
limestones  which  he  stated  —  **  are  undoubtedly  of  Permian  or 
Permo-Carboniferous  age,  though  they  contain  fossils  common 
to  both  Permian  and  Carboniferous  rocks."*  He  was  not  confi- 
dent of  the  presence  of  Permian  rocks  in  Nebraska  for  he  said : 
•*  It  is  not  certain  that  the  true  Permian  beds,  as  recognized  in 
Kansas,  extend  northward  into  Nebraska,  though  thin  beds 
may  occur  in  some  of  the  southern  counties."  5  And  he  further 
said  that  the  Permian  rocks  *'  pass  beneath  the  water  level  at 
Beatrice,"  the  county  seat  of  Gage  county,  and  westward  are  the 
yellowish  and  dark  brown  Cretaceous  sandstones,  now  known  as 
the  Dakota  sandstone. 

In  1886  Professor  Hicks  published  a  short  paper  about  the 
rocks  along  the  Blue  River  in  Gage  county  which  he  designated 
provisionally  as  Permian  and  said  that  they  were  "distinguished 

'  Kin.  Kep.  U.  S.  Geol.  Sur.  Nebraska,  p.  34.         ^Ibid.^  p.  28. 

'Univ.  Gcol.  Sur.  Kansas,  p.  142.  ^  Ibid,^  p.  28,  footnote. 

'  Fin.  Rej*.  L'.  S.  Geol.  Sur.  Nebraska,  p.  34. 
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from  the  underlying  Coal  Measures  by  the  absence  of  coal  and 
black  shales,  and  by  the  prevailing  magnesian  character  of  its 
limestones,  by  the  presence  of  certain  characteristic  indurated 
marls  and  oolitic  limestone,  as  well  as  bv  the  new  and  distinct 
types  of  animal  life."  '  These  rocks  are  undoubtedly  of  I'ermian 
age  and  it  is  probable  that  the  Neosho  formation  and  possibly  a 
part  of  the  Chase  occurs  in  Gage  county.  This  supposition  is 
supported  by  the  statement  of  Professor  Knerr  that  in  Marshall 
county,  Kansas,  which  adjoins  Gage  county  on  the  south,  there 
are  about  250  feet  of  Permian  above  the  Cottonwood  lime- 
stone.' 

OTOK  COl'NTY. 
HISTORIC    KFA'IKW    OF    THE    GE()L()(.V    OF    THE    COUNTY. 

To  the  north  of  Nemaha  and  Johnson  counties  is  Otoe  county 
which  extends  from  the  Missouri  River  on  the  east  to  Lancas- 
ter county  on  the  west.  This  is  an  important  county  in  the 
history  of  the  geology  of  southeastern  Nebraska  because  the 
cliffs  near  Nebraska  City  have  been  fully  described  by  several 
geologists. 

Owen  in  1852  gave  some  account  of  the  rocks  along  this 
part  of  the  Missouri  River,  referring  them  to  the  Carboniferous. 
He  briefly  described  the  rocks  in  the  bluff  near  Fort  Kearney 
(the  old  name  for  Nebraska  City)  and  reported  Productus  costatus, 
P.  Flemingii  =  P.  corn,  and  Fusulina  cylindrica,  which  he  says 
"previous  to  this  discovery  was  only  known  in  Ohio."  3 

Swallow  in  1855  mentions  strata  at  Fort  Kearney  and  the 
mouth  of  the  Little  Nemaha  which  he  referred  to  the  **U|)per 
Coal   Series  "  of  the  Upper  Carboniferous.^ 

In  1855  Marcou  published  a  geological  map  of  the  United 
States  on  which  the  rocks  along  the  Missouri  River  from  the 
mouth  of  the  Big  Sioux  to  that  of  the  Kansas  River  are  colored 

'Am.  Naturalist,  Vol.  XX,  p.  882. 
-  Univ.  Geol.  .Sur.  Kansas.  Vol.  I,  p.  144. 

''Rep.  (ieol.  .Sur.  Wisconsin,  Iowa  and  Minnesota,  pp.  133.  134.  See  sections 
34  and  35  M. 

*  1st.  and  2d.  Ann.  Rep.  Cle<jl.  Sur.  Missouri,  p.  79. 
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as  belonging  to  the  **  Terrain  du  nouveau  Gr^s  rouge"  (Triassic 
system.)' 

Marcou  republished  this  map  as  a  frontispiece  of  his  Geology 
of  North  America^  in  which  occurs  the  statement  that  **beds  of 
Neu*  Red  Sandstone  ....  cover  and  form  the  majority  of  the 
immense  prairies  bordering  the  rivers  Missouri,  Platte,  Arkansas, 
and  Red  River  of  Louisiana."  ^ 

In  1857  Dr.  Hayden  published  a  geological  map  of  Nebraska 
on  which  the  rocks  along  the  Missouri  River  valley  from  about 
fifty  miles  north  of  the  mouth  of  the  Platte  River,  south  to  the 
Kansas  River  in  Kansas,  are  colored  as  belonging  to  the  Carbon- 
iferous age. 5  The  following  year  Dr.  Hayden  published  a  second 
edition  of  the  above  map  on  which  the  Carboniferous  area 
remains  about  the  same.  To  the  west  of  the  Carboniferous,  the 
Permian  system,  which  was  not  indicated  on  the  earlier  map, 
is  mapped.  This  system  is  represented  as  beginning  at  a  point 
a  number  of  miles  northwest  of  Nebraska  City  and  then  extend- 
ing southward  increasing  in  breadth  to  the  southern  part  of 
Kansas.  The  base  of  the  system  is  represented  as  crossing  the 
Republican  and  Smoky  Hill  rivers  several  miles  west  of  Ft. 
Riley,  while  its  upper  boundary  crosses  the  Grand  Saline  and 
Smoky  Hill  rivers  a  number  of  miles  west  of  the  present  city  of 
Salina.  In  Kansas,  small  areas  of  Permian  are  represented  on 
the  high  divides  to  the  east  of  the  main  Permian  area.  Imme- 
diately west  of  the  Permian  or  the  Carboniferous  where  the 
Permian  is  absent,  rocks  are  represented  that  are  referred  to  the 
Liiwcr  Cretaceous.* 

In  1863  Marcou  and  Capellini  studied  the  Missouri  River 
section  along  the  eastern  border  of  Nebraska  and  the  following 
January  Marcou  published  quite  a  full   description  of  the  rocks 

'Carte  (ict)logi«|ue  des  Elats-Unis  et  des  Provinces  Anglaises  de  I'  Amerique  du 
Ni»r«l.     In  Hull.  Soc.  Geol.  France,  Vol.  Xll. 

»(>p.  cit.,  Zurich,  1858,  p.  1 1. 

'  rn»c.  Acad.  Nat.  .Sci.,  Philadelphia,  Vol,  IX,  opposite  p.  109  and  on  p.  no  the 
description  of  the  area  of  the  system. 

*//^/«/.,  \'ol.  X,  p.  139.  For  a  statement  of  the  distribution  of  the  Permian,  see 
p.  144. 


14  CHARLES  S.  PROSSER 

in  the  vicinity  of  Nebraska  City  and  referred  them  to  the  Upper 
Dyas  or  Permian.' 

The  following  year  Meek  criticised  the  correlations  of  this 
paper,  stating  that  "all  the  rocks  seen  by  Mr.  Marcou  on  the 
Missouri,  from  St.  Joseph  to  the  Cretaceous  above  Bellevere, 
belong  to  one  unbroken  series  of  Upper  Coal  Measures,  as  was 
first  shown  by  Professor  Swallow  ;  with  possibly  the  exception  of 
some  of  the  highest  outcrops  near  Nebraska  City,  where  there  is 
a  downward  undulation,  that  may  have  left  portions  of  the  Per- 
mian on  the  high  parts  of  the  country."  ^ 

In  1866  Geinitz  described  the  fossils  collected  bv  Marcou  in 
Nebraska  together  with  some  from  the  Permian  of  Kansas, 3  and 
also  concluded  that  the  rocks  in  the  vicinity  of  Nebraska  City 
belonged  to  the  Dyas.^ 

Meek  in  1867,  reviewing  at  length  Professor  Geinitz's  work, 
failed  to  agree  with  him  in  many  instances  concerning  the 
identity  of  Nebraska  species  with  those  of  Europe  ;5  he  also 
reaffirmed  his  previous  statement  that  the  Nebraska  City  rocks 
with  possibly  the  exception  of  the  highest  beds,  belonged  in  the 
Upper  Coal  Measures.^ 

*  Bull.  Soc.  Gdol.  France,  2*^  sdr.  Jan.  1864,  Vol.  XXI,  pp.  134-1 37.  Marcou's  con- 
clusion, based  on  tlie  fossils  he  collected  being  expressed  as  follows :  **  Les  fossiles 
que  j'ai  trouvds  dans  cette  section  [Nebraska  City]  m'ont  rappeld  tout  a  fait  le  faune 
dyasique  du  Zechstein  de  la  Saxe,  et  je  regarde  ces  couches  de  Xebraska-City  comme 
appartenant  et  reprdssntant  en  Amdri<|ue  la  partie  supdrieure  du  <iyas  d'Europe,"  p.  137. 

*  Am.  Jour.  Sci.,  2d  ser..  Vol.  XXXIX.,  March  1865,  p.  165. 

3M.  d.  K.  Leop. -Carol.  Akad.  d.  Naturl. --  Carbonfonnationund  Dyas  in  Nebraska. 
Dresden,  pp.  vii-|-9i.     5  plates. 

* Ibid.^  p.  89,  where  he  says:  "Die  bei  Nebraska-City  vorkommenden  Versteinc- 
rungen  gehiiren  einer  Zone  an,  welche  den  untersten  bis  mittelren  Schichten  der 
deutschen  Zechsteinformation  (oberen  Dyas)  entspricht." 

5  Am.  Jour.  Sci.,  2d  ser..  Vol.  XLIV,  Sept.  1867,  pp.  170-188  ;  Nov.,  pp.  327-340. 

*Meek's  statement  was  as  follows  :  Those  [rocks]  bv  both  of  them  [Marcou  and 
Geinitz  I  referred  to  the  Upper  Dyas  at  Wyoming  and  Bennett's  Mill  and  Nebraska 
City,  vf'iih. pass iNy  the  exception  of  divisions  C  and  D  [the  higher  beds]  at  the  latter 
place,  belong  to  the  horizon  of  the  Upper  Coal  .Measures.  The  only  point  in  regard 
to  which  there  can  be  any  reasonable  doubt  is,  whether  the  divisions  C  and  D  at 
Nebraska  City  belong  more  properly  to  the  horizon  of  the  rocks  Dr.  Hayden  and  I 
termed  Permo-Carboniferous  in  Kansas,  or  to  the  Coal  Measures  proper."     {Ibid.,  pp. 

336-337.) 
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In  1868  Professor  Marcou  reaffirmed  the  Dyassic  age  of  the 
Nebraska  City  rocks,  stating  that:  **In  Nebraska  the  Dyassic 
rocks  form  the  right  bank  of  the  Missouri  River  from  Aspinwall 
to  Plattesmouth  and  Aureopolis,  that  is  to  say,  all  the  bluffs  of 
the  counties  of  Nemaha,  Otoe,  and  Cass The  best  sec- 
tion of  the  Dyas  of  Nebraska  and  the  most  easy  to  be  studied, 
is  that  formed  by  the  bluff  at  the  Nebraska  City  landing,  at  Otoe 
City,  at  Peru,  and  at  Brownville,  where  the  strata  are  higher  in 
the  Dyassic  series  than  at  Nebraska  City  ;  whilst  at  Rock  Bluff, 
Plattesmouth,  and  Aureopolis,  on  the  contrary,  we  find  the  lower 
layers  forming  the  base  of  the  Nebraska  Dyas."'  Following 
the  above  is  a  detailed  section  of  the  rocks  at  the  Nebraska  City 
landing  accompanied  by  lists  of  fossils  which  were  identified  by 
Professor  H.  B.  Geinitz.  In  1892  Professor  Marcou  still  regarded 
the  Nebraska  City  rocks  as  of  Lower  Dyassic  age.' 

In  the  summer  of  1867  Meek  and  Hayden  spent  about  two 
months  in  carefully  studying  the  rocks  along  the  Missouri  River 
from  Omaha  to  Kansas.  In  1872  an  excellent  work  based  upon 
this  study  was  published  in  which  Hayden  discussed  the  general 
geology  of  southeastern  Nebraska,  and  Meek  gave  a  detailed 
account  of  the  stratigraphy  of  the  Missouri  River  region  accom- 
panied by  a  very  careful  description  of  the  fossils.^  This  work 
has  become  a  classic  in  palaeontology  for  the  Upper  Carbonifer- 
ous of  the  Mississippi  Valley.  The  conclusion  in  reference  to 
the  age  of  these  Missouri  River  beds  agrees  with  the  former 
opinion  of  Meek  and  is  clearly  expressed  in  the  following  sen- 
tences :  **  From  all  of  the  facts,  therefore,  now  determined,  it 
must.  I  think,  be  clearly  evident  that  all  of  these  strata  under 
consideration  along  the  Missouri,  that  have  been  by  some 
referred  in  part  to  the  Mountain  limestone,  in  part  to  the  Per- 
mian or  Dyas,  and  in  part  to  the  Coal  Measures,  really  belong 
entirely  to  the  true  Coal  Measures ;  unless  the  division   C,  at 

•Trans.  Acad.  Sci.,  St.  Louis,  Vol.  II,  p.  562. 

•Am.  Gcol.,  Vol.  X.  pp.  369,  373. 

'Final   Rep.  U.  S.  Geo.  Sur.  Nebraska  and  portions  of  the  adjacent  Territories,  pp 
245,   II  plates. 


1 6  CHARLES  S.  PROSSER 

Nebraska  City,  and  sonic  apparently  higher  beds  below  there  on 
the  Missouri,  may  possibly  belong  to  the  horizon  of  an  inter- 
mediate series  between  the  Permian  and  Carboniferous,  for  which, 
in  Kansas,  Dr.  Hayden  and  the  writer  proposed  the  name  Permo- 

Carboniferous It   is  true  that  in   first  announcing  the 

existence  of  Permian  rocks  in  Kansas,  we  also,  upon  the  evidence 
of  a  few  fossils  from  near  Otoe  and  Nebraska  cities,  resembling 
Permian  forms,  referred  these  beds  to  the  Permian  ;  but  on  after- 
wards finding  that  these  fossils  are  there  directly  associated 
with  a  great  preponderance  of  uncjuestionable  Carboniferous 
species ;  and  that  there  is  also  in  Kansas  a  considerable  thick- 
ness of  rocks  between  the  Permian  and  Upper  Coal  Measures 
containing,  along  with  comparatively  few  Permian  types,  numer- 
ous unmistakable  Carboniferous  forms,  we  abandoned  the  idea 
of  including  these  Otoe  and  Nebraska  City  beds  in  the  Permian. 
And  all  subsequent  *  Tvestigations  have  but  served  to  convince 
us  of  the  accuracy  of  the  latter  conclusion."' 

It  is  to  be  noted  in  reference  to  this  correlation  of  the  Upper 
Palaeozoic  rocks  of  Nebraska  with  the  Upper  Coal  Measures,  that 
Meek  did  not  intend  to  include  the  rocks  in  Kansas  which  he 
and  Hayden  had  called  Permian,^  a  fact  which  has  been  misap- 
prehended by  certain  writers  on  the  geology  of  this  region. 
Since  the  report  of  Meek  and  Hayden,  no  contribution  of 
importance  has  appeared  relating  to  the  geology  of  the  Upper 
Palaeozoic  of  Nebraska,  consequently  it  is  especially  interesting 
to  compare  their  conclusions  with  our  present  knowledge  which 
has  been  enriched  by  the  labors  of  the  last  quarter  of  a  century. 

Charles  S.  Prossek. 

*  Fin.  kep.  U.  S.  Geol.  Sur.  Nebraska,  etc.,  pp.  130,  131. 

'Trans.  Albany  Inst.,  Vol.  IV,  1858.  p.  76;  Proc.  Acad.  Sci.  Phil.,  Vol.  XI,  185Q, 
pp.  20,  21  ;  and  Am.  Jour.  Sci-,  2<i  ser..  Vol.  XI. IV,  1867,  p.  37. 


(To  be  continucii.) 
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Introduction, — This  paper  is  the  outgrowth  of  the  opportunity 
afforded  for  studying  the  lands  at  several  places  in  and  north  of 
Hudson  Strait,  during  the  past  summer,  while  a  member  of  the 
Cornell  Greenland  party,  with  the  sixth  Peary  expedition.  Four 
stops  were  made  in  all  along  the  coast  of  Baffin  Land,  three 
going  up,  as  follows:  Big  Island;  the  mainland,  just  north  of 
the  island ;  and  Icy  Cove  on  Meta  Incognita.  The  fourth  land- 
ing was  at  Niantilik  Harbor  in  Cumberland  Sound  on  the  return 
homeward. 

'  The  writer  i!»  greatly  indebted  to  various  members  of  the  expedition  for  valuable 
sugi^estions  and  help,  especially  Mr.  Bonsteel,  who  stopped  with  him  on  the  island ; 
but,  whatever  value  this  paper  may  contain  is  largely  due  to  Professor  R.  S.  Tarr, 
who  kindly  directed  the  work  throughout.  To  all  the  writer  wishes  to  express  his 
thanks  and  add  his  most  grateful  acknowledgments. 
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BIG    ISLAND. 

Location,  description  a?id  topography. — The  location  of  the  island 
is  immediately  off  the  southern  coast  of  Baffin  Land,  in  Hudson 
Strait,  and  separated  from  the  mainland  by  a  narrow  channel  of 
water,  ten  to  twenty  miles  wide,  known  as  White  Strait — in 
north  latitude  62°  30'  to  63°  and  west  longitude  70°  to  71°  10'. 
It  is  some  twenty-five  to  thirty  miles  in  the  direction  of  its 
longest  axis,  which  is  northwest  and  southeast,  and  has  an  aver- 
age width  of  from  five  to  ten  miles.  The  coast  is  a  steep  and 
irregular  one,  being  much  cut  up  by  fiords  and  cmbayments. 
The  highest  land  reached  on  the  island  was  470'  feet  above  sea 
level.  Its  surface  has  been  deeply  incised  by  interlocking 
fiordic^  valleys,  which  are  quite  broad  at  their  tops,  with  the 
ridges  or  divides  between,  of  a  typical  moutonneed  form.  These, 
of  course,  are  on  their  tops  narrow  in  proportion  as  the  valleys 
are  wide.  The  rise  and  fall  of  the  tides  is  about  thirty  feet. 
The  topography  shows  marked  signs  of  glaciation,  though,  in 
places,  it  has  been  greatly  modified  by  weathering,  which  has 
been  chiefly  of  the  mechanical  kind  and  on  a  large  and  rapid 
scale.  Notwithstanding  the  great  amount  of  mechanical  weather- 
ing, due  almost  entirely  to  frost  action,  chemical  disintegration 
is  distinctly  noticeable.  Many  sections  which  have  been  but 
recently  uncovered  by  ice  are  rough  and  angular,  with  nearly 
every  trace  of  glaciated  form  obliterated. 

Kind  of  rock, — The  rocks  consist  of  regularly  banded  horn- 
blende-biotite  gneiss,  complexly  folded  and  gray  in  color,  the 
intensity  of  which  varies  according  to  the  amounts  of  the  dark 
minerals  present.  The  gneisses  are  intersected  by  numerous 
pegmatite  veins  composed  of  the  same  minerals. 

Proofs  of  elevation  in  raised  beaches. —  In  nearly  every  valley 
studied,  one  of  its  most  prominent  and  striking  characteristics 
was  the  occurrence  of  shore  lines  in  the  form  of  distinct  beaches. 
Sometimes  a  full  and  complete  series  of  half  dozen  or  more  of 
these  would  be   found   in  a  single  valley  at  different  elevations, 

'All  altitudes  were  measured  with  an  aneroid  barometer. 
*The  term  "yf^n/zV  "  is  here  used  in  the  sense  of  **  fiord-like." 
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while  in  others  only  one  or  two  would  occur.  These  were,  in 
most  cases,  well  developed,  level  topped,  and  composed  of  well- 
rounded,  water-worn  material,  four-fifths  of  which  was  distinctly 
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Sketch  Map  of  the  Hudson  Bay  Region 
Baffin  Land  and  Labrador. 
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derived  from  the  local  gneisses.  However,  they  contained  as  well 
quite  a  noticeable  quantity  of  foreign  material,  e.  g,,  shale,  lime- 
stone, quartzite,  etc.  This  material  was  variable  in  size  in  the  lower 
beaches,  and  also  in  several  of  the  higher,  though  noticeably  uni- 
form and  coarse  for  the  higher  ones.  With  reference  to  the  size  of 
the   materials  composing  these  beaches,  several  different  types 
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were  represented,  from  the  true  sand  and  gravel,  on  the  one 
hand,  to  the  typical  bowlder  beach  on  the  other,  with  all  grada- 
tions between  these  two  extremes.  Except  for  the  materials 
being  covered  with  lichens,  these  are  as  fresh  and  perfect  in  every 
respect  as  though  they  had  been  formed  but  yesterday.  In  the 
majority  of  cases  the  beaches  extended  entirely  across  the  val- 
leys from  side  to  side,  although  it  was  not  uncommon  to  find 
them  thinning  out  at  one  end,  and  only  reaching  from  one- 
half  to  two-thirds  the  entire  distance.  They  were  variable  in 
dimensions,  in  width  from  lo  to  50  yards,  and  in  length  from 
60  to  1 10  yards.  Their  length  depended  upon  the  width  of 
the  valleys  in  which  they  were  formed.  In  elevation  they 
ranged  from  270  feet  above,  down  to  sea  level ;  and,  so  far  as 
studied,  could  be  correlated  throughout. 

The  best  developed  and  most  uniform  and  regular  series  of 
beaches  found  were  in  a  valley '  which  began  at  the  north  end 
of  Ashe  Inlet,  with  a  direction'  S.  13  .5  W.  The  divide  in  this 
valley  is  located  nearer  the  southwest  end,  and  about  1000 
yards  from  its  northern  terminus  in  Ashe  Inlet.  Unlike  most 
of  the  other  divides  on  the  island,  which  are  composed  of  loose 
material,  either  glacial  or  beach  deposits,  this  one  is  formed  of 
the  gneissic  rock,  in  situ,  and  is  exposed  for  the  entire  width  of 
the  valley  with  an  elevation  of  185  feet  above  sea  level.  The 
first  beach  is  built  immediately  against  this  rocky  divide  at  an 
elevation  of  175  feet  above  sea,  with  an  average  width  of  some 
forty  feet.  The  second  beach  is  165  yards  beyond  the  first  one, 
northward,  at  125  feet  above  sea,  and  is  the  best  developed  one 
of  the  series  in  this  valley,  with  a  width  of  some  one  hundred 
feet.      Between   these   two   slight    fragmentary  ones    are    scat- 

'  It  was  on  llie  south  side  of  this  valley,  only  a  short  distance  fn)m  Ashe  Inlei, 
that  the  Hudson  Hay  Company  established  their  scientific  station,  or  Observatory  No.  3, 
in  1884;  and  it  was  in  their  house  that  wc  camped  during  our  stay  on  the  island. 

''Through  the  kindness  of  Mr.  Ci.  R.  Putnam,  of  the  I'.  S.  Coast  and  Geodetic 
Survey,  the  writer  has  been  enabled  to  give  all  l)earings  in  terms  of  true  Nortli  and 
South  readings.  Mr.  Putnam  states  that  the  compass  needle  is  rather  unstable  in 
these  regions;  also,  there  may  be  dailv  changes  of  several  degrees,  and  tlie  effect  of 
local  attraction  is  likely  to  be  great. 
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tered,  within  a  few  feet  of  each  other.  The  third  and  fourth 
beaches  are  found  at  the  same  elevation,  lOO  feet,  and  about 
equally  distant  from  the  opposite  sides  of  a  rock-basin  lake 
which  has  been  formed  in  the  intersection  of  this,  with  a  second 
valley,  whose  direction  is  N.  53°. 5  E.  The  fifth  beach  is  found 
at  an  elevation  of  75  feet,  and  at  a  distance  of  about  165  yards 
from  the  fourth  one,  with  an  average  width  of  some  60  feet. 
This  is  the  last  well -developed  beach  in  this  valley,  though 
there  arc  two  fragmentary  ones  found  at  the  respective  eleva- 
tions of  55  and  50  feet  above  sea.  These  are  located  on  the  north 
side  of  and  at  a  short  distance  from  a  second  small  lake,  whose 
surface  is  60  feet  above  sea  and  75  yards  from  the  fifth  beach. 

In  the  southwest  half  of  the  valley,  which  has  been  mentioned 
above  as  crossing  the  one  just  described,  are  found  two  well- 
developed  beaches  at  the  respective  elevations  of  50  and  75 
feet,  which  are  correlated  with  the  two  corresponding  beaches  in 
the  above  series. 

In  the  next  valley  immediately  beyond,  eastward,  and 
approximately  parallel  to  the  one  trending  S.  13°. 5  W.,  is  found 
the  largest,  and  by  far  the  best-developed,  beach  seen  on  the 
island.  It  is  distinctly  a  sand  and  gravel  beach,  40  feet  high, 
with  its  crest  175  feet  above  sea,  and  about  120  feet  w-ide  by  330 
long.  It  serves  as  the  divide  in  its  valley,  and  is  the  correlative 
of  the  175-foot  beach  in  the  first  series. 

Proofs  of  elevation  in  differential  weathering  and  unlike  surface  con- 
ditions.— The  fact  of  recent  elevation  of  this  island  docs  not  rest 
alone  upon  the  evidence  of  raised  beaches,  though  this,  to  be  sure, 
is  entirely  satisfactory  in  itself.  It  is  confirmed  by  other  geolog- 
ical evidence  of  a  very  strong  nature.  Apparently  there  exist 
on  this  island  two  sharp  and  well-defined  zones,  whose  surface 
conditions,  in  nearly  every  respect,  are  very  markedly  different 
from  each  other.  The  first  zone,  which  begins  at  present  sea- 
level,  and  has  its  upper  limit  about  300  feet  above  sea,  includes 
all  the  land  below  that  level.  This  zone  includes  the  hilltops 
for  a  distance  of  from  two  and  one-half  to  three  miles  back  from 
the  sea,  and    the  bottoms  of  all    the  major  vallevs  observed  on 
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the  island.  Excepting  the  valley  bottoms,  which  are  filled  with 
quantities  of  unusually  large  and  well-rounded  bowlders,  this  belt 
has  been  stripped  of  its  loose  material  in  the  form  of  glacial  drift ; 
consequently  the  bare  and  naked  rock  is  exposed  on  the  hilltops. 
The  attack  of  the  agencies  of  weathering  upon  the  surface  of 
this  area  has  been  in  progress,  more  or  less,  ever  since  the  rock 
was  exposed,  but  the  effect  is  far  less  than  that  over  the  areas 
above  an  elevation  of  300  feet.  This  would  naturally  follow, 
since  it  will  be  shown  that  up  to  this  elevation  the  waters  have 
but  recently  subsided  or  fallen.  By  far  the  larger  quantity  of 
loose  materials  which  are  scattered  here  and  there  over  this 
zonal  surface  is  rounded  and  waterworn.  Mechanical  weath- 
ering has  in  places  shown  its  effect,  and  angular  masses  are 
seen  scattered  about  somewhat  sparingly,  in  the  form  of  small 
talus  deposits.  This  zone  will  embrace  at  least  three-fourths  of 
the  total  land  area  of  that  part  of  the  island  visited. 

The  second  zone  has  its  lowest  level  and  beginning  at  the 
300-foot  elevation  and  includes  all  the  surface  above,  including 
an  area  which  is  not  continuous,  being  merely  the  tops  and 
sides  of  the  hills  for  two-thirds  of  their  distance  downward.  In 
this  zone  the  bedrock  is  seldom  seen,  but  is  covered  to  an 
unknown  depth  with  very  large  and  loose  angular  blocks* ;  in  a 
few  places,  however,  the  bedrock  outcrops  at  the  surface  in  the 
shape  of  small  knolls  of  somewhat  decayed  rocks.  These 
angular  rocks  are  clearly  derived  from  the  local  gneisses,  pre- 
sumably largely,  if  not  entirely,  by  frost  action.  In  some  cases 
they  are  weathered  to  a  thoroughly  crumbled  condition.  The 
scarcity  of  glacial  bowlders  in  this  angular  mass  was  very  strik- 
ing, yet  a  few,  which  proved  in  each  instance  to  be  of  foreign 
source   were  seen. 

Along  the  sides,  at  an  elevation  lof  from  50-75  feet  above 
the  valley  bottom,  which  was  220  feet  above  the  sea,  were  noted 
patches  of  pebbles  and  bowlders,  mostly  the  latter.  These 
were  deposited  in  small  channel  ways  which  had  been  carved  by 
temporary  streams  flowing  down  the  valley  sides.  Fully  a  half 
dozen  of  these  were  seen  at  different  places  on   the   same  hill- 
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side  and  at  the  same  elevation.  A  short  distance  above  this  the 
loose  angular  material  commenced  to  cover  the  surface.  These 
conditions  would  seem  to  indicate  that  the  waters  of  the  sea 
had  their  level  near  this  elevation,  when  these  deposits  were 
formed  in  what  then  were  the  mouths  of  the  present  channel 
ways.  Such  loose  and  angular  material  as  may  have  extended 
below  that  line  was  subjected  to  sea  action.  It  was  ground  up 
and  distributed  in  the  usual  way  over  the  sea  bottom.  It  might 
be  of  interest  to  mention  that  in  this  valley  was  found  a  series 
of  beaches,  four  in  number,  which  were  distinct  and  perfect 
pebble  beaches,  deposited  on  a  shelf  rising  some  50  feet  above 
the  valley  floor. 

For  the  sake  of  a  brief  comparison  let  us  note  the  salient 
features  of  the  two  zones.  The  first  zone  is  characterized  by  a 
seaward  strip  of  land,  some  two  and  one-half  to  three  miles  wide, 
reaching  an  elevation  of  some  300  feet,  with  deeply  incised  val- 
leys (a  feature  common  to  both  areas)  and  occupied  by  raised 
beaches.  This  zone  skirts  the  higher  interior  land  area,  which  has 
been  termed  the  second  zone.  Furthermore,  this  area  has  its  rock 
bare  and  more  or  less  polished  by  glacial  action  with  but  little 
material  strewn  over  its  surface,  which,  for  the  most  part,  is 
waterworn,  with  occasional  talus  slopes  of  angular  rock.  The 
second  zone,  which  includes  all  the  land  above  300  feet,  is  cov- 
ered deeply  with  large  angular  blocks,  has  its  bedrock  exposed 
in  a  few  places  only,  and  all  glacial  form  mostly  destroyed.  The 
contact  between  these  two  areas  is  marked  in  places  by  pebble 
and  bowlder  patches  along  the  hillsides  in  some  of  the  valleys. 

PalcBontological  evidence  of  clevatio?i. —  In  one  of  the  valleys, 
270  feet  above  sea  level,  was  found  a  large  deposit  of  well-pre- 
served shells,  representing  two  genera  living  at  present,  Macoma 
calcarea,  Chemnitz,'  and  Mya  truncata,  Linn.  (?).  These  were 
not  found  in  direct  association  with  the  beaches,  but  were  only 
a  short  distance  from  one  series,  and  were  taken  from  a  small 
area  of  black  mud,  not  covered  by  vegetation. 

Dawson  refers  to  several  cases  in  southern  and  eastern  Can- 

*The  writer  is  indebted  to  Mr.  E.  M.  Kinolk  for  the  i<ientifjcation  of  species. 
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ada  where  vertebrate  remains,  especially  the  whale,  are  associ- 
ated with  raised  beaches.  In  speaking  of  the  lower  St.  Law- 
rence in  the  neighborhood  of  Little  Meta/  he  says,  **  Bones  of 
large  whales  occasionally  occur  on  this  terrace."  After  describ- 
ing a  beach  on  the  island  of  Anticosti,*  he  says,  **The  bones  of 
a  whale  were  found  on  this  beach."  He  further  states  that  the 
same  condition  is  observed  along  the  shore  of  the  St.  Lawrence  3 
and  at  Smith's  Falls,*  Ontario.  The  beach  at  the  latter  place 
has  an  elevation  of  420  feet  above  the  level  of  the  sea. 

Packard  5  refers  to  the  same  association  on  the  lower  Savage 
Islands.  In  each  case  invertebrate  shells  representing  several 
genera  and  species  were  found  occurring  with  the  vertebrate 
remains,  but  in  greater  abundance,  as  would  be  expected. 

Southern  coast  of  Baffin  Land,  about  twenty  miles  north  of  Ashe 
Inlet. ^ — Three  stops  were  made  on  the  mainland  at  different 
places,  and  at  each  one  proofs  of  recent  elevation  were  seen  in 
the  form  of  raised  beaches.  At  the  first  landing,  which  was 
across  White  Strait  to  the  north,  and  opposite  the  middle,  of 
Big  Island,  about  twenty  miles  from  Ashe  Inlet,  the  beaches 
were  associated  with  other  forms  of  evidence,  above  mentioned, 
as  being  present  on  the  island ;  viz.,  fossils  and  difference  in 
degree  of  weathering  above  certain  heights.  The  rock  of  this 
part  of  Baffin  Land  is  a  fine-grained,  garnetiferous  gneiss,  and  ^- 
thus  differs  from  the  rock  of  the  island.  The  land  is  low  near 
the  coast,  but  rises  into  a  series  of  hills  which  at  a  distance  of  a 
mile  or  more  back  from  the  sea  reach  an  elevation  of  700  feet, 
continuing  to  rise  inland. 

Raised  beaches. — These  did  not  attain  so  perfect  a  degree  of 
development  as  those  on  the  island.  They  were  formed  in  very 
narrow  valleys,  crescentic  in  shape  and  concave  seaward,  damming 
back  small  ponds  or  lakelets.     In  one  place,  where  this  condition 

*  The  Canadian  Ice  Age,  1804,  p.  65.  ^  Ibid.,  p.  161. 

»//^/</.,  p.  159.  * /did.,  i>.  20}. 

5  Memoirs  Bost.  Soc.  Nat.  Hist.,  1867,  I,  Part  II,  p.  226. 

^The  writer  was  landed  on  Big  Island  and  did  not  visit  this  part  of  the  mainland. 
For  what  follows  he  is  indebted  to  Professor  R.  S.  Tarr,  who  has  very  kindly  fur- 
nished him  with  all  the  facts. 
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was  especially  noticed,  it  looked  in  every  way  as  though  it  were 
artificial ;  the  crescentic  beach,  which  held  up  a  lake  behind  it, 
had  been  so  regularly  constructed  that  had  it  been  in  an  inhab- 
ited region  Professor  Tarr  states  that  he  should  have  ascribed  it 
to  the  hand  of  human  beings  instead  of  to  nature's  handiwork. 
These  crescentic  lines  were  composed  of  large  bowlders,  weigh- 
ing from  fifteen  to  twenty  pounds,  and  in  length  were  from  lOO 
to  125  feet,  rather  narrow  topped,  probably  six  feet  across,  but 
several  times  this  width  at  base.  The  exact  counterpart  of 
these  was  seen  in  process  of  formation  in  one  place  at  sea  level, 
in  which  the  ice  was  an  important  factor  in  their  construction. 
The  ice,  moving  in  strong  tidal  currents,  bore  along  bowlders 
and  ground  them  against  the  coast,  forming  a  bowlder  pave- 
ment of  a  very  perfect  kind.'  Professor  Tarr  states  that,  due  to 
the  narrowness  of  the  valleys,  it  would  be  impossible  for  these 
to  form  without  the  aid  and  action  of  the  ice,  for  no  waves  could 
exist  here  which  would  transport  and  pile  up  such  an  accumula- 
tion of  bowlders,  particularly  when  below  the  zone  of  ice  action 
the  bottom  is  clayey. 

Fossils. — The  following  genera  of  living  shells  were  found  : 
Mya,  Saxicava,  Pecten,  Tcrabratula ,  Balanus,  and  several  other 
living  species.  These  were  found  in  a  blue  mud,  some  patches 
of  which  were  fifty  to  sixty  feet  across,  in  some  cases  covered 
with  moss,  and  in  others  not.  Fossils  were  also  found  at  lower 
levels. 

Weathering,'' — Professor  Gill  independently  suggested  recent 
elevation  purely  on  the  basis  of  the  weathering  of  the  rock  in 
place.  In  chipping  and  breaking  off  petrographical  specimens 
he  found  a  striking  difference  in  degree  and  intensity  of  weather- 
ing, which  he  placed  at  an  elevation  of  from  300  to  400  feet. 
The  rocks   below   this   elevation  were  found  to  be    much    less 

*  For  action  of  similar  kind  described  by  Packard  and  Keilden  alon^  the 
Labrador  coast  see  references  in  Bibliography. 

'I  am  indebted  to  Professor  A.  C.  Gill  for  kindly  furnishing  me  with  this  fact. 
The  exact  elevation  of  contact  marking  the  difference  in  degree  of  weathering  was 
not  determined. 
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affected  or  changed  by  the  weathering  agencies  than  those 
above  this  height. 

Icy  Cove,  southern  part  of  M eta  Incognita, —  Our  second  land- 
ing place  was  on  the  southwest  coast  of  a  peninsula  lying  between 
Frobisher  Bay  and  Hudson  Strait,  and  about  sixty  miles  east  of 
Big  Island.  This  land  is  known  as  Meta  Incognita,  and  the 
landing  was  at  **  Icy  Cove,"  where  the  only  Eskimo  settlement 
in  the  Straits  was  found,  called  **Noogla." 

The  topography  here  was  much  the  same  as  that  of  the  other 
two  places  —  very  rugged  —  and  like  Big  Island  the  coast  was 
steep  and  rough,  indented  with  embayments  and  rocky  capes  or 
headlands.     The  rock  is  a  very  coarse-grained  granitic  gneiss. 

Raised  beacJus. —  Two  beaches  were  noted,  composed  of 
coarse,  rounded  material.  No  elevations  were  taken,  but  these 
looked  to  be  about  50  and  100  feet,  respectively,  above  sea  level. 
A  bench  between  the  two  beaches  was  seen,  which  appeared  to 
be  a  wave-cut  terrace,  at  an  elevation  of  about  75  feet. 

Niantilik  Harbor,  Cumberland  Sound, — This  was  our  last 
landing  on  the  Baffin  Land  side.  Niantilik  Harbor  is  a  fiord  on 
the  south  side  of  Cumberland  Sound.  A  stream  of  consider- 
able size  enters  at  this  point,  having  its  head  waters  in  a  series  of 
true  rock-basin  lakes  of  rather  large  size. 

Raised  beaches. —  It  is  along  the  west  side  of  this  valley  that 
we  have  a  series  of  unusually  large  and  well-developed  beaches. 
Unlike  those  described  from  the  other  localities,  these  are  com- 
posed of  fine  material,  excepting  the  topmost  one,  which  consists 
of  coarse  shingle.  The  direction  of  the  two  principal  beaches 
is  approximately  parallel  to  the  stream,  N.  75°  55'  W.  The  first 
one  is  at  an  elevation  of  1 10  feet  above  low  tide,  200  yards  long, 
with  an  average  width  of  30  yards,  and  is  composed  of  sand, 
gravel  and  pebbles. 

The  second  beach  is  from  50-100  feet  above  the  first  one, 
fully  thrcc-cjuarters  of  a  mile  long  and  with  an  average  width  of 
75  feet,  and  is  built  of  very  large  bowlders.  It  is  not  so  well 
preserved  as  the  lower  one,  as  it  lies  against  a  very  high  and 
steep  scarp,  with  its  flat-topped  condition  seen  in  only  a    few 
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places,  and  for  rather  short  distances,  the  rest  being  almost 
entirely  masked  by  the  piling  up  of  the  products  of  weathering. 
An  intermediate  stage  is  represented  by  a  beach  some  50  yards 
long  and  as  many  wide,  composed  of  very  fine  material,  mostly 
sand  and  gravel,  and  acting  as  the  divide  in  the  very  shallow 
valley  in  which  it  is  built.  The  two  large  beaches  grade  or  run 
into  rock-basin  lakes  at  their  eastern  ends. 

The  cemetery  of  Black  Lead  Island  is  built  on  a  well-defined 
beach  composed  of  sand  and  gravel,  and  is  at  an  estimated  ele- 
vation of  between  100  and  125  feet  above  sea  level.  Beaches 
were  noticed  at  several  other  places,  but  time  would  not  admit 
of  their  study. 

A  condition,  unlike  that  i>een  at  any  of  the  other  places,  was 
noticed  on  all  of  the  lands  enclosing  this  harbor,  which,  in  itself, 
would  have  a  tendency  to  indicate  or  suggest  elevation.  The 
condition  was  that  of  a  form  of  rocky  headland  or  cape  of  pecu- 
liar development,  cut  out  of  the  solid  rock,  primarily,  by  wave- 
cutting  and  perhaps,  subsecjuentlv,  bv  ice  erosion  to  an  unknown 
extent.  They  were  very  numerous,  extended  seaward  for  (juite 
a  long  distance,  were  very  narrow  —  only  a  few  yards  at  widest 
—  and  were  of  a  remarkably  level-topped  condition,  rising  five 
to  ten  and  twenty  feet  above  sea  level.  At  about  the  same  level 
notches  of  wave-cut  origin  were  more  or  less  distinctly  notice- 
able, and  while  time  would  not  admit  of  their  study,  they  appar- 
ently were  in  correlation  with  the  capes.  I^artial  evidence  was 
found  which  seemed  to  indicate  recent  elevation  of  some  50-100 
feet  above  the  highest  beach  mentioned. 

Evidence  of  present  rising  of  the  land  on  Big  Island  around 
Ashe  Inlet  region  and  at  Niantilik  Harbor, —  At  each  of  these 
places,  in  nearly  every  valley  studied,  was  found  a  beach  built 
of  fine  material,  sand  and  gravel,  at  an  elevation  of  from  five  to 
ten  feet  above  high  tide.  The  evidence  of  present  upward 
movement  at  Niantilik  is  made  stronger  by  the  peculiar  type  of 
rocky  headland,  extending  seaward. 

Bell*  has  shown  evidence  of  a  like  kind  indicating  a  similar 

» Cana'l.  Geol.  Survey.  Repi.  of  Prog.  1882,  18S3,  1884,  pp.  26,  31,  33  and   35.  DI). 
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uplift  of  the  lands  to  the  west  of  the  region  herein  described, 
and  with  Tyrrell' has  proven  the  raised  or  elevated  condition 
along  the  west  and  southwest  shore  of  Hudson  Bay.  Again, 
Bell'  has  produced  sufficient  evidence,  although  doubted  by 
Tyrrell,'  that  the  Hudson  Bay  region  has  been  elevated  in  historic 
times ;  the  elevation  being  believed  to  be  in  progress  at  present. 

No  landing  was  made  on  the  lands  along  the  south  side  of 
the  straits,  but  during  the  summer  of  1884  Dr.  Robt.  Bell  of  the 
Canadian  Geological  Survey  was  sent  out  as  the  geologist  by 
the  Canadian  government,  through  the  straits  and  into  Hudson 
Bay,  and  he  has  described  raised  beaches  on  some  of  the  islands 
to  the  west  and  southwest  of  Baffin  Land.  F'or  convenience  I 
quote  from  Dr.  Bell's  report : 

Speaking  of  Cape  Prince  of  Wales, ♦  he  says  :  *'  Beaches  of 
shingle,  as  fresh  looking  as  those  on  the  present  seashore,  except 
that  the  stones  are  covered  with   lichens,  may  be  seen  at  all 

levels,  up  to  the  tops  of  the  highest  hills  in  this  vicinity 

The  materials  of  the  raised  beaches  above  referred  to  con- 
sist principally  of  gneiss  with  milk  quartz  from  the  veins  of 
the  neighborhood,  together  with  a  few  fragments  of  yellowish 
gray  dolomite,  with  obscure  fossils,  a  hard  and  nearly  black 
variety  of  siliceous  clay  slate,  with  an  occasional  bowlder  of 
dark,  hard  crvstalline  diorite." 

Concerning  Digges  Island, 5  he  says  :  "  Between  this  and  the 
western  extremity  of  the  island  the  hills  have  a  rounded  out- 
line, and  raised  beaches,  composed  mostly  of  coarse  shingle,  form 
a  prominent  feature  on  their  slopes,  all  the  way  from  high  tide 
mark  to  their  summits,  the  highest  of  which  is  between  300  and 
400  feet." 

Mansfield  Island,^  he  says:  **  F'or  many  miles,  the  whole  of 
the  eastern  slope  of  the  island  presents  a  succession  of  steps  or 

'  (ieological  Magazine,  Decade  4,  Vol.  I,  18Q4,  p.  398. 
'.Am.  Jour.  Sci.,  Vol.  1,    Fourth  Series,  1896,  pp.  219-228. 

"^ Ihid,  Vol.  II,   Fourth  Series,  1896,  pp.  200-205.     For  other    references  to  this 
rci^ion  see   Bil>Ii(>t<raphy. 

*Canad.  Geol.  Sur.  Kept.  Trog.  1882,  1883,  1884,  p.  26,  DD. 
?  Ihiii,  p.  31,  DD.  ^  IhiJ,  p.  33.  DI). 
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small  terraces,  mostly  too  low  to  be  distinctly  counted,  but  there 
might  be  a  hundred  of  these  between  the  sea  level  and  the  high- 
est parts  of  the  island  visible.  These  appeared  to  be  partly 
ancient  beaches,  and  partly  the  outcropping  edges  of  nearly 
horizontal  strata." 

Marble  Island,'  he  says :  *•  Even  the  bowlders  and  coarse 
shingle  forming  the  raised  beaches  remain  quite  white,  and  these 
beaches  appear  as  conspicuous  horizontal  lines  against  the  dark 
vegetable  matter." 

Degree  of  rapidity  of  the  uplift, —  It  is  strikingly  noticeable 
from  the  description  of  the  beaches  given  above,  as  also  from 
their  study  in  the  field  at  the  various  localities  in  which  they 
occur,  that  the  conditions  suggest  a  difference  in  the  rapidity  of 
movement  with  which  the  land  was  raised  above  the  waters  at 
the  successive  stages  and  levels.  The  movement  seems  to  have 
varied  in  intensity  or  rate  for  the  same  locality.  In  the  case  of 
the  two  highest  beaches  on  Big  Island  and  at  Niantilik  harbor,  the 
conditions  point  very  strongly  indeed  to  a  uniformly  slow  change 
in  level.  The  interval  between  the  two  beaches  at  each  of  these 
places  is  marked  by  intermediate  fragmentary  lines.  Materials 
are  strewn  thickly  over  the  area  between  in  an  interlocking 
manner.  This  condition  is  strikingly  absent  from  the  land 
areas  between  the  lower  beaches.  Thus  the  change  in  level 
from  the  second  highest  beach  downward  was  sudden  and  rapid, 
and  is  better  described  as  having  taken  place  by  jumps,  so^to 
speak ;  while  above  this  line  the  change  in  level  must  have  been 
less  sudden  and  violent,  and  in  character  slow  and  gradual.  At 
Icy  Cove  and  the  mainland  to  the  north  of  Ashe  Inlet,  the  con- 
ditions indicate  the  same  sudden  or  rapid  jumping  movement  as 
in  the  lower  levels  at  Niantilik  and  Ashe  Inlet. 

Going  still  farther  westward  the  lands  along  the  west  coast  of 
Hudson  Bay  have  been  described  as  containing  raised  beaches, 
thus  indicating  recent  elevation  in  that  region.  In  speaking 
of  the  raised  beaches  in  the  Aberdeen  Lake  region,  Mr.  Tyrrell* 

»Canad.  Geol.  Sur.  Kept.  Prog.  1882,  1883,  1884,  p.  35  1)1). 
•Geol.  Mag.,  1894,  Vol.  I,  decade  4,  p.  398. 
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says  that  they  are  found  at  the  following  elevations  above  the 
lake,  290,  220,  180,  150,  105,90  and  60  feet;  also,  ''Similar 
raised  beaches  are  found  in  favorable  localities  all  along  the 
shore  of  Hudson  Bay."  In  Mr.  Tyrrell's'  account  of  his  first 
expedition  through  the  barren  lands  of  northern  Canada,  he 
mentions  raised  beaches  in  two  localities,  one  at  Doobaunt 
Lake  w  ith  an  elevation  of  some  400  feet  above  sea  level ;  the 
second  at  the  mouth  of  Chesterfield  Inlet  and  on  the  south  side. 
In  Tyrrell's'  second  trip  through  these  regions  raised  beaches 
are  mentioned  near  Ferguson  Lake  at  an  elevation  of  from  400 
to  500  feet  above  sea  level,  and  on  the  southwest  side  of 
Churchill  River  in  the  region  of  Deer  River  with  an  elevation  of 
some  600  feet. 

Conclusions, —  I.  The  evidence  favoring  recent  elevation  of 
from  certainly  270  to  300  feet  above  present  sea  level  on  the 
lands  along  the  south  and  southeast  coast  of  Baffin  Land  has 
been  shown  to  be  of  the  most  conclusive  character,  and  can  be 
briefly  summed  up  under  three  general  headings. 

a.  In  the  form  of  raised  beaches. 

b.  Unlike  surface  conditions  intimately  associated  with  a  dif- 
ference in  degree  of  weathering  at  a  well-defined  elevation. 

c.  In  the  form  of  extinct  life.  The  remains  of  several  genera 
and  species  of  living  shells  were  found  to  be  in  greater  or  less 
degree  directly  associated  with  the  beaches. 

Furthermore,  that  the  conditions  attending  this  upward 
movement  at  least  show  that  the  rate  of  movement  was  not 
alike  for  all  the  localities  studied,  but  rather  indicates  that  for 
some  the  uplift  was  sudden  and  rapid,  rising  by  jumps  or  strides, 
while  for  others  it  was  more  uniformly  slow  and  gradual. 

2.  Conditions  strongly  favor  a  present  movement  on  Big 
Island  and  in  Cumberland  Sound.  This  is  shown  in  beaches 
found  in  a  great  number  of  the  fiordic  valleys,  which  are  at 
present  out  of  the  reach  of  high  tide  by  some  five  to  ten  feet,  but 
so  recently  formed  that  not  a  sign  of  vegetation  has  commenced 

*Gcog.  Jour.  (London),  1894,  July- Dec,  Vol.  IV,  pp.  444-447. 
'Ibid.,  1895,  July-Dec,  Vol.  VI,  pp.  445-447. 
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to  grow  on  the  beach  materials.  Also,  by  the  peculiar  type  of 
rocky  headland  and  wave-cut  notches  above  described,  and  at 
about  the  same  elevation  as  the  lowest  beaches. 

3.  It  would  further  appear  that  the  uplift  along  south  Baffin 
Land  was  coextensive  with  that  described  by  Bell  and  Tvrrell 
in  the  Hudson  Bay  region. 

Thomas  L.  Watson, 

Felloiv  in  Cornell  University. 
Ithaca,  N.  V.. 

December  10,  1896. 
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III.       THE  BRACCIANO,  CERVETERI  AND  TOLFA  REGIONS. 


Bibliography. — The  modern  papers  dealing  with  these  three 
regions  petrographically  are  extremely  few,  and  since  some  of 
them  are  not  confined  to  the  description  of  only  one  they  will  be 
noticed  together  here. 

We  begin,  as  usual,  with  vom  Rath,'  who  devotes  parts  of 
one  Italian  **  Fragment"  to  Bracciano  and  to  Tolfa.  The  descrip- 
tions are  largely  topographical,  though  in  the  Tolfa  paper  the 
"trachyte"  is  described  and  an  analysis  given,  and  considerable 
space  devoted  to  the  alum  mines  of  the  district.  With  excep- 
tion of  the  paper  just  cited  and  a  few  stray  notices  of  rocks  in 
Rosenbusch's  "  Massige  Gesteinc,"  practically  all  the  other 
articles  on  the  regions  are  by  Italians.  Of  these  the  following 
are  the  only  ones  which  need  be  named  here. 

Struever'  published  in  1885  an  account  of  the  ejected  blocks 
and  their  minerals  which  are  found  to  the  east  of  Lake  Bracciano, 
but  does  not  touch  upon  the  eruptive  rocks  proper.  Many  of 
the  eruptive  blocks,  and  enclosures  of  Lake  Bracciano,  arc 
described  by  Lacroix.^ 

In  the  same  year  Tittoni^  describes  the  so-called  Agro  Saba- 
tino,  which  includes  the  trachytic  hills  immediately  to  the  west 
of  Lake  Bracciano,  the  region  southwest  of  it,  and  the  masses 
of  eruptive  rock  near  Cerveteri.s  He  gives  a  good  geological 
map  on  a  scale  of   I   :   50,000.       The  first  half  of  the  paper  is 

'  VoM  Rath,  Zeit.  d.  d.  geol.  Ges.  XVIII,  561-576,  585-607,  1867. 
^Struever,  AUi  Ace.  dei  Lincei,  Series  4,  I,  i,  1885. 
^Lacroix,  Enclaves  des  Roches,  Macon,  189  <. 
^TiTTONi.  Holl.  See.  Geol.  Ital.  IV.  1885,  337-376. 

5  He  stales  lliat  he  was  the  first  (in  1879)  to  discover  the  eruptive  character  of 
these  hills. 
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devoted  to  the  sedimentary  terranes,  while  the  latter  half  is 
taken  up  with  brief  megascopic  descriptions  of  the  eruptive 
rocks  and  their  tuffs,  and  with  their  distribution.  He  considers 
that  all  of  the  eruptives  are  post-Pliocene. 

The  rocks  of  the  Agro  Sabatino  collected  by  Tittoni,  as  well 
as  others  of  the  same  region  from  other  sources,  were  examined 
by  Bucca'  who  also  later'*  adds  a  note  on  the  enclosures  in  the 
eruptive  rock  of  Monte  Calvario.  His  papers  are  entirely  petro- 
graphical,  and  will  be  referred  to  later  on  in  detail.  Busatti^  in 
the  same  year  gives  a  description  of  a  trachyte  from  Tolfa,  to 
which  Lotti  adds  some  remarks  on  the  genetic  relationships. 
De  Stcfani,^  later,  also  gives  an  account  of  the  regions  of  Tolfa 
and  Cerveteri.5 

It  will  be  evident  from  the  above  that  the  literature  of  the 
regions  in  question  is  of  a  very  scanty  description,  the  important 
leucitic  rocks  of  Lake  Bracciano  being  practically  untouched, 
and  the  others  not  having  been  studied  very  fully.  The  regions 
in  question  are  shown  on  the  Tolfa  and  Bracciano  sheets  (Foglii 
142  and  143)  of  the  Italian  Geological  Map  (scale  i  :  100,000). 

THE    BRACCIANO    REGION. 

Topography. — The  center  of  this  region  is  the  large  Lake  of 
Bracciano.  This  is  almost  circular  in  shape  and  with  a  diameter 
each  way  of  9*''"*.  The  surface  of  the  lake  is  164""  above  sea 
level.  On  the  north  at  Trevignano  its  symmetry  is  broken  by  a 
small  bay  which  apparently  represents  a  small  explosive  crater. 

The  depth  of  the  water  is  not  stated,  though  it  seems  to  be 
much  deeper  than  Lake  Vico.     There  are  no  islands  in  the  lake. 

'BuccA,  Boll.  Com.  Gcol.  Ital.,  1886,  212-223. 

'BuccA,  Loc.  cit.,  377-379. 

3  BusATTl.  Proc.  verb.  Soc.  Tosc.  4,  Luglio.  1886. 

^V>z  Stefani.  Boll.  Soc.  Geol.  Ital.  X,  487-499,  1891. 

5  In  a  paper  received  just  before  going  to  press,  P.  Moderni  (Boll.  Com.  Geol.  Ital. 
1896,  Nos.  I  and  2),  describes  the  Bracciano  center.  He  regards  the  mass  as  the 
pnxluct  of  eruptions  from  about  50  centers  surrounding  the  lake,  and  this  not  as  a 
true  crater-lake  but  as  due  to  a  sinking  in  of  the  surface.  He  does  not  touch  on  the 
pctroifraphy. 
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Surrounding  it  is  a  circle  of  hills,  whose  steep  inner  sides  come 
down  close  to  the  water's  edge,  leaving  only  a  narrow  shore  mar- 
gin. These  hills  are  highest  on  the  north,  where  they  reach 
their  maximum  elevation  in  Monte  di  Rocca  Romana  (602"™)  ^ 
and  from  this  gradually  diminish  in  height  around  the  lake 
toward  the  southern  shore,  where  their  height  at  Monti  is  only 
336"^  above  sea  level.  From  this  circular  crest  the  land  here,  as 
at  Bolsena  and  Vico,  slopes  gradually  down  on  all  sides  at  a  low 
angle,  and  presents  much  the  same  characteristic  features. 

To  the  east  of  the  lake  are  three  maar-like  craters  described 
by  vom  Rath.  The  largest  of  these  is  the  dry  circular  Valle  di 
Baccano,  about  3''"^  in  diameter.  Between  this  and  Lake  Brac- 
ciano  lie  Lake  Martignano  (whose  water  level  is  43"^  above  that 
of  Lake  Bracciano),  and  the  Stracciocappa  Marsh.  These  are 
all  surrounded  by  ridges  of  tuff. 

The  walls  and  sides  of  the  Bracciano  Volcano  are  built  up  of 
leucitic  lava  flows  and  tuff  beds,  except  on  the  west.  On  this 
side  we  find  two  small  non-leucitic  centers.  About  3''"^  due  west 
of  Bracciano  is  the  group  of  low  hills  which  include  Monti 
Oliveto  and  San  Vito.  These  are  partially  covered  by  leucitic 
tuffs,  so  that  they  are  older  than  some  of  these  eruptions.  To 
the  north  of  them  is  a  small  solfatara,  whose  floor  is  white  through 
decomposition  of  the  rocks,  and  where  sulphurous  vapors  are 
abundantly  given  off.  To  the  north  of  this  again  is  Monte  Cal- 
vario,'  a  domal  mass  of  eruptive  rock.  According  to  Tittoni 
this  rests  on  Pliocene  beds. 

Petrography. —  In  this  region  my  stay  was  of  very  short  dura- 
tion, so  that  the  specimens  collected  and  the  observations  made 
were  few.  A  study  of  the  geological  map  and  my  own  observa- 
tions are,  however,  sufficient  to  show  that  we  have  to  deal  here, 
as  in  the  other  centers,  with  two  prominent  groups  of  rocks,  a 
non-leucitic  and  a  leucitic.  The  group  of  phonolites  proper 
seems  to  be  lacking,  or  perhaps  is  present  in  only  small  amount. 

*  It  may  be  noted  that  BrcCA  speaks  of  this  last  eruptive  center  as  Monte  Virginio. 
The  hill  of  this  name,  which  lies  just  north  of  Monte  Calvario,  is  composed  of  tuffs 
enclosing  blocks  of  leucitite,  as  shown  on  the  geological  map. 
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Toscanite. — The  non-leucitic  eruptive  rocks  of  this  region 
resemble  the  vulsinites  and  ciminites  in  containing  basic  plagio- 
clase,  as  well  as  orthoclase,  and  are  consequently  quite  rich  in 
lime.  They  differ,  however,  in  being  much  more  acid,  with 
SiOj  from  63-72,  and  sometimes  contain  quartz.  They,  there- 
fore, occupy  a  place  intermediate  between  the  rhyolites  and  the 
dacites.  They  correspond,  in  fact,  very  closely,  both  mineral- 
ogically  and  chemically,  with  the  rocks  of  Monte  Amiata 
described  by  J.  F.  Williams.'  They  also  resemble  the  quartz- 
trachytes  of  Campiglia'  and  Roccastrada.^  As  these  earlier  known 
localities  are  in  Tuscany  (Ital.  Toscana)  this  group  of  acid  effu- 
sive rocks,  characterized  mineralogically  by  the  presence  of 
basic  plagioclase,  as  well  as  orthoclase,  with  occasional  quartz, 
and  chemically  by  high  silica  and  alkalies  an'd  (for  the  acidity) 
high  lime,  and  low  alumina,  may  be  called  toscanite.  It  may  be 
mentioned  that  they  also  resemble  certain  rhyolites  from  Ponza 
and  from  the  Euganean  hills  near  Padua.  They  thus  occupy  the 
place  in  Brogger's*  table  filled  by  the  group  of  quartz-trachyte- 
andesites,  and  in  some  cases  are  so  acid  as  to  fall  in  with  his  del- 
lensite  (dacite-liparite).  They  approach  this  especially  in  their 
low  alumina.  Analyses  of  typical  toscanites  will  be  found  in 
Table  I. 

The  rock  of  Monte  Calvario  is  very  much  decomposed,  so 
much  so  that  good  fresh  specimens  are  difficult  to  find.  I  finally 
obtained  some  which  are  quite,  though  not  entirely,  fresh  at  a 
quarry  on  the  southeast  side  where  work  was  going  on.  The 
rock  is  rather  coarse-grained  and  resembles  many  of  the  por- 
phyries of  our  western  states.  The  groundmass  is  light  gray, 
and  glassy  feldspar  phenocrysts  abound,  which  are  colored  light 
yellow  by  the  infiltration  of  ferruginous  water.  They  are  chiefly 
of  sanidine  with  a  smaller  quantity  of  acid  labradorite.       Some 

•Williams.  Ncu.  Jahr.  B.  Bd.  V,  381.  1885. 

•VoM  Rath.  Zeit.  d.  d.  geol.  Ges.  XVIII,  639.  1866.  Also  Dalmer,  Neu.  Jahr. 
1887.  II,  206. 

'Matteucci,  Boll.  Coin.  Geol.  Ital.  1890.  284  ff.,  and  Boll.  Soc.  Geol.  Ital.  X, 
670  ff.,  1 89 1. 

^Brogger,  Eruptionsfolge  bei  Predazzo,  Kristiania.  1895.  60. 
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quartz  grains  are  present.  Biotite  flakes  are  not  rare,  though 
these  and  the  augite  phenocrysts  have  suffered  much  through 
weathering,  being  represented  by  brown  limonitic  spots  in  some 
of  the  specimens.  Some  large  enclosures  of  a  darker,  fine- 
grained, vesicular  rock  were  seen,  which  will  be  described  pres- 
ently. 

In  thin  section  the  sanidine  phenocrysts  are  seen  to  predomi- 
nate over  those  of  plagioclase.  Examination  of  suitable  sec- 
tions of  the  latter  shows  it  to  be  a  labradorite  of  the  approxi- 
mate composition  AbgAn^.  They  are  clear,  but  inclusions  are 
not  uncommon,  nearly  always  of  brownish  glass,  and  often  in 
the  shape  of  the  host.  A  few  instances  of  parallel  growth  were 
seen,  a  plagioclase  core  being  surrounded  by  a  border  of  alkali 
feldspar.  This,  however,  forms  one  crystal  individual  with  the 
plagioclase,  and  belongs  to  the  same  general  period  of  crystal- 
lization, being  sharply  outlined  and  distinct  from  the  ground- 
mass.  It  is  thus  of  a  different  character  from  the  alkali  feldspar 
mantles  already  noticed.  A  few  rounded  crystals  of  quartz  are 
to  be  seen.  The  ferromagnesian  minerals  arc  represented  by 
brown  biotite  and  fewer  pale  green  diopside  crystals,  both  of 
which  are  much  decomposed.  The  groundmass.  which  is  almost 
holocrystalline,  is  made  up  chiefly  of  alkali  feldspar  flakes,  very 
few  laths  being  present,  with  some  brown  spots  representing  orig- 
inal pyroxene  microlitcs.  A  little  (juartz  may  be  present,  but  no 
plagioclase  could  be  detected,  though  the  rock  is  in  such  a  con- 
dition that  a  satisfactory  study  of  it  was  impossible. 

This  rock  is  described  by  Bucca  as  a  quartz-trachyte.  His 
description  agrees  closely  with  my  own  limited  observations. 
He  mentions,  however,  the  presence  of  hypersthene.  whose  exis- 
tence in  my  specimens  may  have  been  concealed  by  its  well- 
known  liability  to  decomposition. 

The  enclosures  in  this  trachyte  are  apparently  fragments  of  an 
early  lava  stream,  brought  uj)  from  probably  no  great  distance 
below.  They  are  dark  gray,  fine-grained  and  compact,  and  quite 
vesicular,  though  far  from  being  scoriaceous.  The  line  of  junc- 
tion between  the  enclosed   and  enclosing  rock  is  sharp,  and  no 


flALIAN  PETROLOGICAL  SKETCHES  39 

great  amount  of  contact  mctamorphism  is  apparent.  In  the 
gray  groundmass  are  large  tabular  glassy  sanidines  and  some 
rounded  grains  of  quartz,  but  no  ferromagnesian  phenocrysts 
arc  to  be  seen.  In  many  of  the  vesicles  are  slender  brownish 
black  needles  of  breislakite,  and  hexagonal  scales  of  tridymite.' 
These  enclosures  are  much  less  decomposed  than  the  trachyte 
surrounding  them,  though  the  sanidines  are  stained  slightly 
vcUow. 

Under  the  microscope  the  structure  is  strikingly  like  that 
of  a  dolcrite.  Very  numerous  prisms  of  colorless  diopside, 
slightly  brownish  on  the  edges,  and  long  plagioclasc  laths,  whose 
extinctions  show  them  to  be  labradorite  of  the  composition 
AbjAng.  with  fewer  orthoclase  laths,  lie  in  a  holocrystalline 
mesostasis  of  orthoclase.  Some  comb-like  skeleton  forms  of 
labradorite  are  also  seen.  Magnetite  is  present  though  not 
abundant.  A  few  larger  phenocrysts  of  violet  augite  are  seen, 
and  the  few  sections  of  the  large  tabular  sanidine  phenocrysts 
met  with  are  clear  and  show  only  a  few  inclusions  of  glass 
and  apatite.  A  narrow  orthoclase  mantle  surrounds  them. 
There  were  found  a  number  of  grains  of  the  peculiar  brown 
barkcvikite-like  hornblende  noticed  in  a  leucite-tephrite  of 
Bolsena.  The  extinction  angle  of  C  on  r  was  ij''  and  the 
pleochroism  was  identical.  No  olivine  is  present,  but  apatite 
needles  are  quite  abundant. 

The  vesicular  structure  of  this  rock  shows  that  it  is  not  a 
segregation  proper,  but  an  inclosure  of  an  earlier  solidified  lava 
mass  which  had  been  erupted  on  the  surface.  The  breislakite 
and  tridymite  were  formed  prior  to  the  eruption  of  the  toscanite, 
since  thcv  are  present  in  cavities  revealed  by  breaking  open  good 
sized  masses  of  the  enclosures.  The  rock  corresponds  mineral- 
ogicallv,  and  probably  more  or  less  closely  chemically,  with  the 
vulsinites,  though  the  structure  is  quite  different.  It  probably 
represents  one  of  the  earliest  outflows  of  the  volcanic  center, 
carried  up  by  the  later  toscanite.  Bucca  (<?/.  cit.  377)  gives  a 
verv  good  description  of  these  enclosures  which  agrees  closely 

'  BctCA  alsio  notes  hypersthene  and  augite  cr>'stals. 
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with  the  above.  The  hypersthene  he  speaks  of  as  present  is 
perhaps  to  be  referred  to  the  barkevikite  just  mentioned. 

The  toscanite  of  Monte  San  Vito  is  structurally  (juite  different 
from  that  of  Monte  Calvario.  The  predominating  dark  brown- 
ish black  mass  is  highly  vitreous,  with  a  few  irregular  cavities 
which  are  lined  with  a  light  blue  gray  opal.  Through  this  are 
scattered  many  quite  large  glassy  tabular  sanidines,  in  almost 
every  case  twinned  according  to  the  Carlsbad  law.  They  are 
stained  slightly  yellow  and  many  carry  the  bluish  opal  in  the 
crevices.  Some  irregular  quartz  grains  are  also  visible,  but 
phenocrysts  of  ferro-magnesian  minerals  are  wanting. 

The  large  sanidines  are  seldom  met  with  in  thin  sections,  but 
of  the  smaller  phenocrysts  those  of  feldspar  are  the  most  abun- 
dant. Those  of  plagioclase  are  in  the  majority  over  those  of 
orthoclase,  and  Michel-Levy's  method  shows  this  to  be  labra- 
dorite  of  the  composition  Ab^Ang.  The  crystals,  both  of  lab- 
radorite  and  of  orthoclase,  are  automorphic  and  sharp  in  outline, 
showing  the  usual  planes.  They  are  clear  and  quite  free  from 
even  incipient  alteration.  Inclusions  of  pale  brown  glass  are 
common,  often  with  a  bubble  and  sometimes  of  the  shape  of  the 
host.  Pale  diopside,  apatite  and  magnetite  are  also  included  in 
the  feldspars.  These  feldspars  are  often  clustered  together,  but 
no  distinct  relative  order  of  crystallization  could  be  made  out 
between  the  two.  The  diopside  is  in  stout  well-formed  crystals, 
usually  with  a  pyramid  largely  developed.  It  is  almost  or  quite 
colorless,  and  inclusions  are  rare  and  almost  wholly  of  brown 
glass.  A  number  of  small  thick  tables  of  brown  biotite  are 
present  which  invariably  show  a  narrow  border  of  fine-grained 
augite-magnetite  aggregate.  A  few  large  grains  of  magnetite 
and  some  apatite  needles  complete  the  list.  In  my  few  speci- 
mens I  could  detect  none  of  the  hypersthene  mentioned  by 
Bucca  as  abundant.  The  groundmass  is  highly  vitreous,  con- 
sisting of  a  largely  predominating  light  brown  glass  base,  in 
which  are  sprinkled,  with  little  evidence  of  flow  structure,  many 
minute  orthoclase  and  fewer  prismatic  diopside  microlites. 
Small   magnetite   grains  are   rare  and  are  perhaps  derived  from 
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altered  biotite,  as  may  also  be  the  case  with  part  of  the  diopside 
microlites.  An  analysis  of  this  rock  by  Dr.  Rohrig  is  given  in 
Table  I,  No.  i.  It  is  seen  to  be  as  high  in  silica  as  a  trachyte, 
low  in  alumina,  with  rather  andesitic  amounts  of  lime  and  mag- 
nesia, and  in  alkalies  standing  between  the  two  groups,  though  the 
relative  amounts  of  potash  and  soda  are  not  what  we  might  expect. 

The  rock  just  described,  as  well  as  similar  ones  from  other 
localities  in  the  region,  are  called  by  Tittoni  "trachytic  retin- 
ites." Bucca  describes  them  as  augite-andesites,  with  which 
name  his  descriptions  agree  very  well,  though  it  seems  to  me,  as 
it  does  to  de  Stefani,  that  he  unreasonably  neglects  the  abundant 
sanidines  and  quartz.  He  speaks  of  hypersthene  as  abundant, 
and  gives  extinction  angles  for  the  plagioclase'  from  which  he 
concludes  that  they  must  be  very  basic — "from  labradorite  to 
anorthite."  According  to  him  orthoclase  only  occurs  as  the 
large  tabular  phenocrysts,  which  is  certainly  not  the  case  in  my 
specimens. 

Leucitite. — The  leucitic  rocks  collected  by  me  belong  to  three 
groups,  leucitite,  leucite-tephrite,  and  leucite-phonolite.  Speci- 
mens of  the  first  were  obtained  south  of  Lake  Bracciano,  from 
a  flow  at  Crocicchie,  from  a  similar,  or  the  same,  flow  about  one 
kilometer  west  of  this  and  from  the  quarry  at  L'Uomo  Morto 
southwest  of  the  lake.  A  similar  rock  was  seen  also  at  Oriolo, 
northwest  of  the  lake,  but  I  have  no  specimen  of  it.  They  are 
all  compact,  dark  gray,  basaltic  looking  rocks,  with  some  fresh 
well-shaped  leucite  phenocrysts  (0.2  to  i  ^'")  and  a  few  smaller 
ones  of  augite. 

Under  the  microscope  the  phenocrysts  present  no  remarkable 
features.  The  leucites  are  clear,  somewhat  cracked,  show  quite 
strong  double  refraction,  and  contain  few  inclusions.  The 
augites  arc  well  shaped,  pale  green  and  not  pleochroic,  generally 
darker  toward  the  center,  and  with  an  extinction  angle  of  about 
42^  Some  are  seen  with  a  fringe  of  later  dark  green  augite  at 
the  ends,  which  extinguishes  at  an  angle  of  50""  and  includes 
some  magnetite  grains. 

'He  says  that  they  vary  from  35"  to  59°.     There  seems  to  be  some  error  liere. 
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The  groundmass  is  almost  holocrystallinc,  and  is  made  up 
chiefly  of  small  round  leucites.  In  two  cases  these  contain  only 
few  peripheral  inclusions  of  augite  and  apatite  needles,  a  peculiar 
feature  being  that  around  the  leucite  crystals  proper  as  defined 
by  these  rings,  is  a  late  growth  of  leucite  which  extends  irregu- 
larly and  acts  as  a  mesostasis  for  the  other  constituents.  In 
rock  from  the  second  locality  mentioned  the  inclusions  are  more 
numerous,  and  in  spots  due  to  skeleton  growth,  as  has  been 
previously  described,  though  the  skeleton  forms  are  not  as  per- 
fect as  some  of  those  seen  elsewhere. 

Between  these  leucites  is  an  interstitial  mass  of  green  or 
greenish  brown  augite  needles  and  grains,  with  some  magnetite 
grains,  with  the  latter  being  associated  flakes  of  orange  red 
hematite.  Spots  of  a  colorless  feebly  doubly  refracting  substance, 
giving  bright  grays  of  the  first  order  in  my  very  thin  sections,  are 
referred  to  alkali  feldspar,  as  treatment  with  acid  revealed  no 
nepheline.  No  melilite  was  seen.  Glass  base  is  present  in  a 
very  small  amount.  An  analysis  of  one  of  these  leucitites  is 
given  in  Table  I,  No.  5. 

The  leucitite  of  Santa  Maria  di  Galera,'  which  belongs  to  this 
volcano,  resembles  the  above  very  closelv  under  the  microscope, 
though  it  is  much  coarser  in  structure.  A  rock  very  similar  to 
these  is  found  as  loose  blocks  in  the  yellow  tuff  of  Monte  Vir- 
ginio.  This  is  very  much  finer  grained  than  any  of  the  preced- 
ing ;  contains  some  plagioclase  but  no  glass. 

LeucitC'tephrite. —  This  seems  to  be  quite  common  in  the 
region  though  not  so  much  so  as  leucitite.  It  is  represented  by 
a  specimen  from  a  lava  stream  in  the  crater  wall  just  below  the 
town  of  Bracciano.  It  is  rather  dark  and  fine  grained,  but  rough 
in  texture  and  not  aphanitic.  Scattered  through  the  groundmass 
are  verv  many  small  clear  leucites  and  some  very  small  black 
augites. 

Under  the  microscope  it  closely  resembles  the  similar  rock 
of  the  Bolsena  region,  having  the  same  doleritic  structure.  The 
irregularly  shaped  leucites   show  strong  double  refraction,  and 

*  KosKNBUSCH,  Mikr.  Phys.  II,  p.  1233,  1896. 
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carry  few  inclusions.  The  augite  is  in  stout  prismatic  crystals, 
green  in  color  and  generally  darker  toward  the  center.  Large 
grains  of  magnetite  abound,  which  are  accompanied  by  orange 
hematite  flakes.  Many  lath-shaped  crystals  of  a  basic  labrado- 
ritc,  with  a  little  orthoclase,  are  present  with  these,  and  the 
interstitial  colorless  glass  base  contains  only  few  augite  micro- 
lites  and  some  minute  opaque  grains.  An  analysis  is  given  in 
Table  I,  No.  6. 

Leuciie-plionolite. —  My  only  specimen  of  this  was  collected  at 
a  rather  thick  flow  on  the  northwest  shore  of  the  lake  close  to 
the  water's  edge.  The  groundmass  is  compact  and  fine-grained, 
of  a  very  light  gray  color  and  with  a  slightly  greasy  luster. 
Clear  rather  glassy  leucites  and  minute  black  augites  occur  as 
phenocrysts.  Examined  with  the  microscope  the  large  leucites 
show  the  twinned  structure  very  finely,  and  the  prismatic  augites 
arc  of  an  olive-green  color,  with  the  pleochroism  and  other 
characters  of  aegirine-augite. 

In  the  holocrystalline  groundmass  are  many  small  olive- 
green  aegirine-augite  prisms,  a  few  colorless  haiiynes  showing 
the  characteristic  inclusions,  and  some  magnetite  grains.  The 
feldspars  are  represented  by  stout  crystals  and  grains  of  alkaline 
feldspar,  which  are  occasionally  twinned.  There  is  also  present  a 
residual  base  of  colorless,  feebly  doubly  refracting  nepheline, 
whose  identity  was  established  by  treatment  with  acid  and 
fuchsine.  Plagioclase  is  absent.  A  peculiar  feature  of  the 
groundmass  is  the  presence  of  round  spots  of  a  clear  substance, 
whose  outlines  are  defined  by  rings  of  minute  augite  microlites 
with  some  magnetite  grains.  These  seem  at  first  sight  to  be 
groundmass  leucites.  Close  examination  under  crossed  nicols, 
however,  reveals  the  fact  that  only  a  small  percentage  of  them 
is  reallv  of  this  mineral.  The  majority  are  composed  of  nephe- 
line, with  some  orthoclase  grains  and  crystals,  the  latter  occa- 
sionallv  in  fan-shaped  aggregates.  We  have  here,  then,  a  case 
of  paramorphism  of  leucite  into  '*pseudo-leucite" — a  mixture  of 
nepheline  and  orthoclase,  such  as  has  been  observed  in  Arkansas,' 
*J.  F.  Williams.  Ark.  Gcol.  Sur.,  1890,  II,  267. 
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Brazil,'  and  Montana.'  It  is  difficult  to  understand  why  the 
small  groundmass  leucites  should  suffer  this  change,  while  the 
larger  phenocrysts  remain  preeminently  fresh  and  unaltered. 

Bucca  does  not  describe  any  of  the  leucite  rocks  of  the 
Bracciano  region. 

THE    CERVETERI    REGION. 

This  region  3  lies  about  lo''"*  southwest  of  Lake  Bracciano 
and  north  of  the  small  town  of  Cerveteri,  so  famous  for  its 
Etruscan  tombs.  It  consists  of  a  small  group  of  hills,  extend- 
ing about  8*^  VV.  N.  W.  and  E.  S.  E.  (about  parallel  with  the 
coast  line,  and  4  to  5*^™  broad.  They  are  of  no  very  great  alti- 
tude, the  hills  reaching  their  maximum  height  of  384  meters  in 
Monte  Cerchiara,  in  the  center  of  the  group.  I  could  only  spend 
the  better  part  of  one  day  at  the  eastern  end,  but  as  far  as  my 
observations  permitted  me  to  judge  they  are  a  mass  of  domal 
eruptions  resting,  as  Tittoni  points  out,  on  Pliocene  beds. 

They  are  composed  almost  exclusively  of  acid  non-leucitic 
rocks  and  their  tuffs.  Some  leucitite  is  met  with  at  the  eastern  end, 
but  these  leucitic  lava  streams  probably  belong  to  the  Bracciano 
volcano  proper.  Since  this  leucitite  is  met  with  beneath  the 
*'trachytic"  masses,  its  occurrence  is  of  great  interest  as  showing 
that  the  earliest  leucitic  outflows  of  Bracciano  are  of  an  earlier 
date  than  those  of  Cerveteri,  though  they  continued  after  these 
latter  had  ceased.  There  seems  to  me  to  be  an  intimate  con- 
nection between  the  Bracciano  center  and  that  of  Cerveteri,  and 
probably  also  that  of  Tolfa,  but  my  opportunities  for  observation 
were  so  few  that  I  do  not  feel  able  to  discuss  this  point  at 
present. 

Toscanite. — To  this  grouj)  belong  all  the  specimens  collected 
by  myself,  and  also  apparently  all  those  described  by  Bucca, 
except  those  of  a  few  leucitites.  Their  prominent  mineralogical 
and  chemical  characteristics  have  already  been  noted. 

*  HussAK,  Neu.  Jahrb.  1892,  II,  146. 

'  PiRSSON,  Am.  Jour.  Sci.,  II,  194,  1896. 

3  It  is  included  on  the  Bracciano  Sheet  (Koglio  143)  of  the  Italian  Geologic  Map. 
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The  rock  of  which  Monte  Cucco,  at  the  extreme  cast  end  of 
the  region,  is  composed,  is  a  ligtit  gray  porphyritic  rock,  many 
glassy  feldspar  phenocrysts  and  some  of  biotite  lying  in  a  rather 
vitreous  brownish  groundmass.  Under  the  microscope  there 
appear  well  shaped  and  uncorroded  clear  orthoclase  and  plagro- 
clase  phenocrysts,  the  former  in  the  majority.  The  plagioclase 
is  shown  by  Michel-Levy's  method  to  be  labradorite  of  the  com- 
position Abj  Anj,  the  symmetrical  extinction  angles  of  the 
lamellae  of  the  Carlsbad  individuals  being  in  one  individual  26° 
and  in  the  other  29°.  There  are  also  many  tables  of  an  olive 
green  biotite,  which  shows  no  corrosion  or  alteration  phenomena. 
A  few  large  colorless  diopsides  also  appear.  There  is  no  mag- 
netite, and  no  quartz  could  be  detected. 

The  groundmass  is  highly  vitreous,  the  glass  base  being 
colorless  or  of  a  very  pale  brown.  It  shows  perlitic  cracking  in 
great  perfection.  Through  it  are  sprinkled  small  (0.01-0.02) 
microlites  of  diopside,  and  a  few  stout  orthoclase  microlites 
which  often  show  *' horns'*  at  each  end.  An  interesting  feature 
is  the  occurrence  in  abundance  of  very  small  (about  0.05"'") 
forked  and  sheaf  forms  of  orthoclase,  which  correspond  to  the 
so-called  keraunoids  in  Ischian  trachytes  already  described  by 
the  writer.'  These  keraunoids  are  of  such  minute  dimensions 
that  they  exert  only  a  feeble  action  upon  polarized  light,  but 
examination  of  the  largest  shows  that  the  axis  of  greatest  elas- 
ticity a  lies  parallel  to  the  length,  and  that  therefore  they  are 
elongated  in  the  direction  of  the  axis  a.  The  use  of  high 
powers  proves  that  they  are  in  every  way  identical  with  those 
described  from  Ischia,  except  that  they  are  of  much  smaller 
dimensions  and  more  delicate. 

Bucca's  description  of  this  rock  closely  agrees  with  the 
above,  though  he  speaks  of  the  biotite  as  being  brown,  and  the 
small  augites  and  keraunoids  seem  to  have  been  lacking  in  the 
groundmass  of  his  specimens.  Though  no  quartz  is  present  he 
is  of  the  opinion  that  these  rocks  are  to  be  referred  to  the  same 
acid  group  as  those   of  Monte   Calvario.     This   opinion   is  con- 

'  Washington,  Am.  Jour.  Sci.,  I,  375,  1896. 


46  HENRYS,   WASHINGTON 

firmed  by  my  analysis  given  in  Table  I.  No.  2,  which   may  be 
taken  as  representative  of  the  rocks  of  this  region. 

The  rocks  of  Monte  Lungoand  Monte  P>cole,  west  of  Monte 
Cucco,  are  rather  darker  and  rougher  in  groundmass,  and  look  like 
the  Arsotrachyte  of  Ischia,  minus  olivine.  The  plagioclase  is, 
however,  rather  more  basic,  having  a  composition  AbjAn^,  and 
the  biotite  rather  browner  in  tone  though  still  green,  and  colorless 
diopside  phenocrysts  rather  more  frequent.  The  glass  base  is 
rather  dark  brown,  and  the  small  orthoclase  keraunoids  are  much 
more  abundant,  as  are  also  the  diopside  microlites,  which  are  here 
prismatic  in  habit.  The  rock  of  Belvedere  del  Principe  south 
of  Monte  Ercole,  is  also  closely  similar  in  general  characters, 
but  the  orthoclase  keraunoids  are  here  so  abundant  as  to  give 
the  base  a  hyalopilitic  structure.  The  glass  is  brown  and  the 
diopside  microlites  are  prismatic  in  habit  and  show  some  flow 
structure. 

It  may  be  noted  that  absolutely  no  magnetite  is  to  be  found 
in  any  of  these  rocks.  Small  apatite  needles  are  found  in  all, 
especially  as  inclusions  in  the  feldspars.  Bucca  mentions  a 
brown  hornblende  as  present,  known  by  its  prismatic  angle  and 
oblique  extinction,  but  careful  research  failed  to  reveal  it  in  my 
specimens.  As  has  been  said,  analysis  No.  2  of  the  Monte 
Cucco  rock  may  be  regarded  as  representative  of  them  all,  and 
its  close  resemblance  to  that  of  the  Tolfaand  Calvario  rocks  will 
be  noted.  Further  remarks  on  these  points  must  be  reserved 
for  the  final  paper. 

Leucitite. —  This  is  represented  by  a  specimen  from  a  flow 
met  with  at  the  bottom  of  the  deep  ravine  immediately  to  the 
west  of  Monte  Cucco.  whose  rocks  overlie  it,  though  tuffs  and 
soil  conceal  the  contact.  It  is  almost  identical  with  the  leucitites 
from  the  south  of  Lake  Bracciano,  and  is  composed  essential Iv 
of  round  and  irregular  leucites  with  insterstitial  green  augite 
needles.  Some  magnetite  and  a  very  little  orthoclase  are  also 
present. 

The  rock  of  which  the  ruined  Castle  Dannato  is  built  was 
obtained  from  some  now  forgotten  tjuarry  in  the  neighborhood. 
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It  is  also  a  leucitite,  and  of  the  same  composition  as  the  pre- 
ceding. It  is,  however,  of  much  finer  structure  and  closely 
resembles  the  leucitite  of  Sassi  Lanciati  near  Bolsena.  It  carries 
segregations  of  coarse-grained,  granitic  masses,  made  up  of  large 
grains  of  green  augite  and  a  few  well  formed  crystals  of 
olivine,  with  much  leucitc  which  shows  excellent  twinning 
lamellae,  and  which  takes  the  place  of  the  feldspar  in  typical 
gibbros.  Some  cavities  are  filled  with  calcite.  These  segrega- 
tions closely  resemble  the  leucitic  blocks  briefly  described  by 
Lacroix  from  Lake  Bracciano,  and  may  be  compared  with  the 
Missourite  recently  described  by  Pirsson.' 

THE    TOLFA    REGION. 

This  region  consists  of  a  triangular  group  of  hills,  lying  a 
little  more  than  lo*'"^  northeast  of  Civita  Vecchia  and  some  20*^™ 
west  of  Lake  Bracciano.  Its  highest  point  is  Monte  Sassicari, 
525™  above  sea  level.  Since  my  visit  of  a  few  hours  was  con- 
fined to  the  southern  angle  I  will  not  go  into  the  topography, 
which  moreover  presents  little  of  interest  here.  It  may  only 
he  noted  that  the  hills  are  composed  essentially  of  toscanite, 
which  in  general  is  so  extremely  decomposed  to  alunite  that  a 
fresh  specimen  of  rock  is  indeed  a  rara  avis.  De  Stefani  points 
out  that  the  eruptions  in  all  probability  took  place  in  post-Plio- 
cene time,  differing  in  this  from  Ponzi  and  others,  who  would 
place  them  earlier. 

Petrography. — According  to  vom  Rath  there  are  two  distinct 
kinds  of  ** trachyte"  represented  in  the  region.  The  one  is  a 
*'sanidine-oligoclase-trachyte"  with  light  gray  compact  ground- 
mass,  in  which  lie  phenocrysts  of  sanidine,  oligoclase  and  bio- 
tite.  This  is  more  abundant  in  the  northeastern  part  of  the 
region,  often  shows  a  bed- like  parting,  and  is  cotnparatively  little 
subject  to  decomposition.  The  other  is  more  like  a  pitchstone, 
and  \s  almost  universally  decomposed.  Its  groundmass  is  dark 
brown  and   resinous,  with   phenocrysts  of  sanidine,  biotitc  and 

'  TiRS-^oN,  Am.  Jour.  Sci.,  II,  315,  189O. 
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augite.     To    these    Busatti    adds    a    third    variety,    though    his 
description  hardly  seems  to  warrant  the  separation. 

I  am  inclined  to  agree  with  de  Stefani  in  thinking  that  there 
is  only  one  kind  of  rock,  and  that  the  differences  noted  are  of 
very  small  importance.  From  vom  Rath's  analysis  of  the  pitch- 
stone-like  trachyte  and  from  mine  of  the  rock  from  Tolfa  it  will 
be  seen  that  the  two  varieties  closely  resemble  each  other 
chemically  and  that  the  rock  belongs  to  the  group  of  Toscanites 
as  already  defined. 

The  only  fresh  specimens  which  I  obtained  were  collected  at 
the  hill  on  which  stands  the  old  castle  above  the  village  of  Tolfa. 
In  all  other  places  I  found  it  so  decomposed  as  to  be  absolutely 
worthless  for  petrographical  study.  The  groundmass  is  very 
compact  and  bluish  gray,  and  speckled  with  minute  black  spots 
of  augite.  Very  many  large  glassy  feldspar  phenocrysts,  which 
often  show  twinning,  with  some  biotites  are  scattered  through  it. 

Under  the  microscope  this  rock  presents  an  appearance 
almost  identical  with  that  of  the  Monte  Cucco  rock.  The  rather 
abundant  plagioclase  is  an  acid  labradorite  having  the  composition 
Abj  An,,  as  determined  by  the  extinction  angles  (22^  and  23'') 
of  the  albite-twinned  lamelL-e  of  the  two  individuals  of  a  Carls- 
bad twin.'  The  feldspar  phenocrysts  are  quite  often  corroded. 
The  hyalopilitic  groundmass  has  a  colorless  glass  base,  which  is 
thickly  crowded  with  diopside  prisms  and  laths,  rather  than 
keraunoids  of  orthoclase. 

De  Stefani^  mentions  a  Icucitic  rock  which  he  obtained  at  the 
base  of  Monte  Elccto  between  the  toscanite  and  the  underlying 
Cretaceous  rocks.  Rosenbusch,  to  whom  a  specimen  was  sent 
for  examination,  reports  that  it  is  a  'Meucitite  perfectly  identical 
with  the  leucitic  rocks  of  Albano  and  the  vicinitv  of  Rome." 

*  BiTSATTi  States  that  the  pla^iolase  is  oligoclase,  but  his  determination  seems  to 
rest  on  insufficient  data,  as  he  only  mentions  its  ** polys^tilhetic  structure"  but  gives 
no  angles,  as  neither  does  vom  Rath. 

'De  Stekani,  Boll.  Com.  Geol.  Ilal..  1888,  224. 
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TABLE  I. 


SiO,  . 

FeO  .. 
MgO.. 
CaO.  . 
Na,( » 
K,().. 
H,0.. 
TiC), .. 


Sp.  Gr. 


I 

a 
66.24 

64.04 

14.48 

15.64 

1.73 

1. 16 

4.35 

2.19 

1.03 

0.89 

4.00 

2.17 

4.14 

2.05 

3.65 

6.60 

2.06 

3.25 

0.28 

•    •    •    • 

99.76 

100.19 

2.542 

2.455 

65.19 

16.04 
1. 16 

2.48 
0.99 

2.Q2 
2.26 
6. 1 1 

1.85 


67.61 
14.04 

•    •    •    • 

5.40 
0.65 

3.71 
5.50 
2.41 
2.28 


5 

6 
49.73 

47.89 

18.25 

19.20 

4.93 

5-50 

3.64 

2.41 

3.68 

2.63» 

8.70 

7.96 

2.60 

1.99 

8.23 

9.39 

0.65 

1. 19 

0.77 

•   •    •   • 

99.34 

100.00 

2.781 

2.655 

55.87 

21.82 

2.34 

1. 10 

0.48 

3.07 
4.81 

10.49 

0.34 


100.32 

2.551 


1.  Toscanite,  Monte  Calvario,  Bracciano,  A.  Kohrig  anal. 

2.  Toscanite,  Monte  Cucco,  Cerveteri,  H.  S.  Washington  anal. 

3.  Toscanite,  Castle  Hill.Tolfa,  H.  S.Washington  anal. 

4.  Toscanite,  Tolfa,  vom  Rath,  op,  cit.^  596. 

5.  Leucitite,  Crocicchie,  Bracciano,  H.  S.  Washington  anal, 
b.  Leucite-tephrite,  Bracciano,  H.  S.  Washington  anal. 

7.  Leucite-phonolite,  Lake  Bracciano,  H.  S.  Washington  anal. 

Henry  S.  Washington. 


*  )i\  difference,  through  loss  of  Mg  precipitate. 


MODE  OF    FORMATION   OF   TILL   AS    ILLUSTRATED 
BY   THE    KANSAN    DRIFT  OF    NORTHERN 

ILLINOIS. 

Perhaps  at  no  time  during  the  Quaternary  era  were  the 
climatal  conditions  of  Illinois  of  such  a  nature  as  to  originate  a 
glacier  independently  of  the  ice  introduced  into  the  territory  by 
outflow  from  the  vast  fiH^e  to  the  northeast.  Consequently, 
when  near  the  culmination  of  the  Kansan  epoch,  a  very  early 
representative  of  the  Lake  Michigan  glacier  overspread  nearly 
the  whole  of  the  territory  of  the  present  state  of  Illinois,  it 
advanced  across  a  region  in  which  the  indurated  rock  was  but 
thinly  covered  by  a  nearly  continuous  mantle  of  residuary 
material,  mostly  clay,  sand  and  angular  gravel ;  and  the  ice 
thereupon  proceeded  to  manufacture  this  into  till.  In  a  part  of 
northwestern  Illinois,  especially  in  Stephenson  county,  the  glaci- 
ation  was  of  short  duration  and  never  repeated,  and  this 
district  therefore,  presents  one  of  the  best  fields  for  the  study  of 
the  contact  phenomena  between  the  base  of  the  glacier  and  the 
preglacial  land  surface.  There  are  scattered  over  the  area 
incomplete  deposits  representing  every  stage  in  the  process  from 
solid  rock  to  typical  till.  By  a  careful  study  of  these  imperfectly 
formed  masses  of  till  we  may  infer  the  process  by  which  the  ice 
manufactured  the  residuary  material  and  underlying  rock  into 
the  various  types  of  deposits  due  directly  to  glacial  action.  The 
necessarily  limited  nature  of  this  paper  will  compel  me  to  state 
the  hypothesis  which  seems  to  best  explain  the  phenomena 
known  to  me,  and  simply  refer  to  the  localities  where  each  stage 
is  illustrated,  mentioning  a  few  of  their  most  significant  fea- 
tures. 

The  ice,  in  advancing  across  Stephenson  county,  moved 
westwardly,  and  within  fifteen  miles  of  the  Driftless  Area,  in  a 
decidedly  northwesterly  direction.      During  this  time  of  general 
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advance,  glacial  abrasion  was  at  a  minimum,  and  had  the  ice 
then  melted  from  this  district,  without  further  movement,  its 
drift  phenomena  would  be  insignificant  and  uninteresting.  But 
it  so  happened  that,  during  the  general  recession  of  the  glacial 
front,  there  were  repeated  slight  readvances,  forming  a  peculiar 
variety  of  incipient  moraine,  consisting  of  knolls  and  short 
ridges  of  angular  limestone  debris  and  of  stratified  water-worn 
gravel  and  sand.  Between  the  marginal  accumulations  of  a 
distinctly  morainic  type,  there  are  other  deposits  of  somewhat 
similar  nature,  but  which  belong  to  the  so-called  ground  moraine. 
In  other  words,  the  period  of  most  pronounced  glacial  action  in 
the  Kansan  epoch  in  northern  Illinois,  occupied  a  position 
considerably  later  than  the  culmination  of  the  epoch.  This  I 
attribute  to  a  milder  climate,  causing  a  recession  of  the  ice-front, 
but  yet  giving  more  free  movement  to  the  glacier  and  softer 
material  to  work  upon.  I  have  gone  into  this  short  explanation 
of  the  glacial  history  of  Stephenson  county,  so  as  to  exactly 
locate  the  age  of  the  deposits  the  significance  of  which  I  propose 
to  discuss. 

We  may  gain  some  idea  of  the  condition  of  the  surface  pre- 
vious to  the  arrival  of  the  ice  by  a  study  of  a  north-south 
belt  along  the  eastern  boundary  of  Stephenson  county,  and  about 
thirty  miles  back  from  the  glacial  boundary.  Here  we  will  find 
frequent  exposures  of  the  semi-decayed  upper  portion  of  the 
Galena  limestone  with  its  overlying  undisturbed  residuary  clay.* 
The  Galena  formation  is  usually  a  heavy-bedded,  sub-crystalline 
dolomite,  shaly  in  certain  thin  layers  and  extensively  jointed 
and  fissured.  Within  ten  to  fifteen  feet  of  the  surface,  weather- 
ing has  opened  certain  deposition-planes,  separating  the  rock 
into  layers  from  two  to  four  inches  in  thickness.  As  the  rock 
is  composed  of  small  rhomboidal  crystals,  the  next  stage  of 
decay  consists  of  a  solution  of  the  bond  between  the  crystals 
resulting    in  a  loose  mass   of    angular    grains,   macroscopically 

'  This  is  finely  displayed  in  a  road  cutting  one  mile  south  of  Egan  in  Ogle  county, 
and  in  an  excavation  of  the  Chicago  and  Great  Western  railway,  two  miles  east  of 
German  Valley  in  Stephenson  county. 
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resembling"  f.r.e  ;. e.lo*  sand.  By  a  continuance  of  the  process 
the  crystals  are  d::; solved,  leavinir  a  rili^hr  re:?idue  which,  accumu- 
laling  to  a  thicicne.ss  or  two  to  ten  reet.  becomes  a  highly 
oxidized.  dark  red.  ver/  nne-irrained.  str-ctureleis  clav.  Certain 
layers  of  the  dolomite  abound  in  chert,  which  breaks  up  into 
angular  fragments,  averaging  about  the  size  or  a  walnut.  These 
abfiund  in  the  residuary  clay,  and  on  hillsides  often  pass  hori- 
zontal I  v  from  the  solid  rock  into  the  red  clav,  with  but  little 
disturbance  of  the  lines  of  stratification.  This  is  one  of  the 
strongest  proofs  of  the  undisturbed  nature  of  the  residuarj'  clay 
at  the  localities  previously  mentioned.  In  fissures  and  pit- 
shaped  holes  in  the  surface  of  the  rock,  the  red  clay  may  extend 
down  from  ten  to  thirty  feet.  This  particular  form  of  its  occur- 
rence can  be  observed  in  almost  anv  rock-cuttinij  in  the  county.' 
I.  The  first  effect  of  the  contact  between  the  base  of  the  glacier 
and  the  mantle  of  residuary  clav.  was  a  rearran^ment  of  the 
latter.  It  was  pushed  forward  and  downward,  but  as  its  down- 
ward progress  was  limited  to  a  slight  compression,  the  effect 
was  a  crushing  or  kneading  of  the  mass.  The  faint  evidence  of 
stratification  in  the  undisturbed  deposit  furnished  by  the  layers 
of  chert,  was  totally  destroyed  and  the  fragmental  chert 
scattered  indiscriminately  through  the  mass.  All  deposits  of 
rearranged  residuary  clav  are  referred  to  this  stage  when  they 
contain  no  foreign  material  whatever.  As  they,  in  many  cases 
can  be  proven  to  have  been  moved  but  a  verv  short  distance, 
their  transportation  and  deposition  were  clearly  exclusively  sub- 
glacial.* 

'  For  a  thorough  discussion  of  the  residuary  material  accumulating  over  the 
Galena  limestone  in  unglaciated  areas,  the  reader  is  referred  to  Chamberlin  and 
Salisbury's  excellent  report  on  the  superficial  geology  of  the  Wisconsin  Driftless  Area 
in  the  Sixth  Annual  Report  of  the  U.  S.  Geological  Survey. 

*A  careful  study  of  the  county  of  Stephenson  would  probably  afford  several  hun- 
dred localities  —  of  very  limited  extent,  however  —  where  the  process  of  till  making 
was  stopped  in  this  first  stage.  Goo<l  exposures  can  he  found  by  following  the  C.  G. 
W.  R.  R.  from  South  Freeport  to  Egan,  or  the  I.  C.  R.  R.  from  Feeeport  to  Everts. 
Another,  exposed  in  n  small  ravine  on  the  south  side  of  Yellow  creek,  is  important 
from  the  fact  that  the  rearranged  residuary-  cherty  clay  has  been  pushed  ofiF  of  its 
original  rock  ridge  onto  the  surface  of  a  lake  deposit. 
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2.  The  process  in  the  second  stage  is  merely  a  continuation 
of  the  last.  The  material  has  been  transported  farther,  kneaded 
longer  and  more  thoroughly  commingled.  In  addition,  a  small 
percentage  of  foreign  drift,  mostly  well-rounded  pebbles  of 
small  size,  has  been  worked  into  the  deposit.  Still,  at  the  com- 
pletion of  this  stage,  the  fine-grained,  dark  red  clay  basis  and 
predominance  of  angular  white  chert  indicate  the  close  relation 
between  this  very  incomplete  till  and  the  undisturbed  residuary 
material.  This  is  the  nature  of  the  ground  moraine  over  practi- 
cally the  entire  northern  half  of  the  county.  But  in  looking 
for  exposures  of  it,  it  is  necessary  to  remember  that  the  upper 
three  feet  of  the  typical  or  completed  till  in  this  district  have 
been  highly  oxidized  during  the  following  interglacial  epoch,  so 
that  in  color  they  often  resemble  the  deposits  of  stage  No.  2. 
The  latter  never  were  of  any  other  color  than  dark  red  and 
reddish  brown.' 

The  mode  of  transportation  of  this  imperfectly  formed  till 
appears  to  have  been  exclusively  subglacial.  In  a  very  large 
proportion  of  exposures  in  Stephenson  county,  there  is  a  con- 
tinuous section  from  an  undisturbed  preglacial  residuary 
clay,  through  every  gradation  to  what  may  be  considered  typi- 
cal of  the  **  semi-residuary  "  class  of  drift.  There  is  absolutely 
not  an  iota  of  evidence  that  any  of  this  material  has  been  lifted 
from  the  earth's  surface  and  enclosed  in  ice.  Clear  evidences  of 
a  kneading  or  rolling  over  of  the  mass  are  abundant. 

3.  There  existed  under  the  glacier,  certain  areas  where  depo- 
sition was  being  carried  on  at  the  same  time  that  abrasion  was 
active  in  others.  So  that,  while  in  many  portions  of  the  county, 
the  manufacture  of  till  was  carried  into  the  second  stage  only, 
on  certain  closely  adjoining  areas  this  was  but  the  beginning  or 
early  stage  of  the  glacial  action.  In  these  latter,  the  ice  after  hav- 
ing removed  the  red  clay,  proceeded  to  attack  the  loose  sand-like 
mass  of  dolomite  crystals,  which  it  quickly  disposed  of  by  incor- 
porating with  the  deposits  of  stage  No.  2,  furnishing  their  first 

'This  red  till  is  best  exposed  in  several  cuttings  of  the  I.  C.  K.  R.,  about  three 
miles  southeast  of  Winslow,  in  Stephenson  county. 
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supply  of  calcareous  material.  A  few  sections  show  it  inter- 
stratificd  with  till,  and  it  can  sometimes  be  traced  back  to  its 
original  undisturbed  position.'  Having  been  transported  but  a 
score  or  at  most  a  few  hundreds  of  feet,  there  is  no  room  for 
anything  but  subglacial  action. 

We  have  disposed  for  the  present  of  all  the  loose  material  on 
the  surface  of  the  solid  rock,  and  we  now  come  to  the  most  inter- 
esting part  of  the  process. 

4.  Stephenson  county  is  a  comparatively  hilly  region, 
although  the  hills  are  not  high,  steep,  or  close  together.  A  sec- 
tion through  a  hill  would  show  the  Galena  limestone  as  a  series 
of  practically  horizontal  layers,  not  cemented,  but  held  in  posi- 
tion bv  gravity  and  the  projections  on  the  upper  and  under  sur- 
faces of  the  layers.  The  ice  in  moving  westwardly  across  the 
country,  upon  ascending  the  eastern  slope  of  a  hill  from  which 
the  loose  material  had  been  removed,  exerted  a  powerful  pres- 
sure on  the  edges  of  these  layers.  Near  the  top  of  the  hill,  the 
pressure  overcame  the  friction,  and  the  upper  layers  of  the  rock 
were  pushed  forward,  sliding  on  a  lower  unmoving  stratum.  In 
many  cases,  these  transported  rock  ledges  were  not  broken  up, 
but  moved  forward  as  a  solid  mass,  being  found  in  that  condi- 
tion to  day.  They  may  be  ten  or  fifteen  feet  in  thickness,  and 
several  hundred  feet  in  length,  and  perfectly  horizontal,  so  that 
the  fact  of  their  not  being  iii  situ  would  not  be  known  were  it  not 
for  their  unusual  position,  partially  obstructing  valleys,  produc- 
ing a  topogra])hy  radically  different  from  the  preglacial ;  and 
from  their  overlying  drift  of  various  kinds,  including  stratified 
water-worn  gravel ;  and  more  often  than  otherwise  underlain  by 
loose  angular  gravel  from  ten  to  thirty  feet  in  thickness.^  In 
transportation  they  were  clearly  pushed  in  front  of  or  under  the 
extreme  marginal  portions  of  the  ice.  None  of  them  have  been 
removed   far  from  their  original  position,  and  this  with    much 

^  Small  exposures  of  it,  after  being  disturbed  but  before  being  combined  with  the 
red  clay,  may  be  seen  at  nearly  every  outcrop  of  the  latter,  notably  in  the  railway  cut- 
tings of  the  southeastern  part  of  the  county. 

'Locality  where  best  exposed  —  six  miles  east  southeast,  of  Frecport,  in  a  high 
ridge,  on  the  north  side  of  the  I.  C.  R.  R. 
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other  evidence,  negatives  the  idea  that  the  basal  portion  of  the 
glacier  *'  plucked  "  these  huge  masses  of  rock  from  the  ridges  and 
transported  them  in  its  body. 

Sometimes  the  pressure  of  the  ice  resulted  only  in  a  slight 
folding,  or  a  tilting  and  faulting  of  the  rock  strata  without  mov- 
ing them  to  a  distance  from  their  original  position.  This  may 
affect  them  to  a  depth  of  twenty  or  thirty  feet,  and  may  include 
some  of  the  solid,  heavy-bedded,  unweathered  layers.  In  these 
cases,  at  least,  no  cjuestion  can  remain  that  the  action  was  extra- 
glacial  or  marginally  subglacial.  Their  importance  lies  chiefly 
in  the  fact  that  they  prove  beyond  dispute  that  even  the  Kansan 
ice-sheet  could,  at  times,  exert  powerful  forward  pressure  on  the 
rock  over  which  it  moved. 

5.  The  forward  movement  of  the  unbroken  rock  mass  was 
rarelv  continued  many  scores  of  vards  before  some  obstruction 
was  encountered,  often  in  the  form  of  an  upward  slope  of  the 
land,  increasing  the  friction  to  such  a  degree  that  the  transported 
ledge  was  unable  to  withstand  the  pressure  and  general  fracture 
resulted.'  In  a  few  cases,  the  impression  made  on  the  observer 
is  that  the  mass  remained  unbroken  while  the  stress  accumulated, 
until,  becoming  too  great,  the  entire  ledge  was  suddenly  frac- 
tured into  innumerable  small  angular  pieces,  under  a  well-known 
principle  recognized  as  a  condition  of  the  formation  of  certain 
limestone  breccias  in  various  portions  of  the  earth.  Usually, 
however,  there  is  clear  evidence  of  a  kneading  or  rolling  over 
and  crushing  of  the  mass,  producing  an  internal  structure  which 
cannot  be  simulated  by  the  product  of  any  other  known  process. 
When  a  series  of  semi-decayed  or  loosely  compacted  strata  being 
forced  forward  in  front  of  the  ice,  are  checked  by  some  obstruc- 
tion, they  tend  to  corrugate  in  a  manner  somewhat  similar  to  the 
Appalachian  type  of  mountain  building ;  and  the  disturbance  is 
greatest  in  the  vicinity  of  the  obstruction.     But  when  the  ice 

*  The  deposits  representing  this  stage  are  quite  numerous  m  the  Pecatonica  basin, 
over  an  area  al)OUt  three  miles  in  diameter,  lying  immediately  southwest  of  the  village 
of  Dakota,  and  another  west  of  the  village  of  Everts.  They  are  usually  in  the  form  of 
dome-shaped  knolls  and  short  ridges,  and  forming  conspicuous  features  of  the  drift 
topography,  it  is  unnecessary  to  more  minutely  describe  their  localities. 
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overrides  the  deposit,  if  the  basal  friction  is  great  enough,  it  will 
turn  up  the  strata  in  contact  with  it,  twist  them  over  on  to  the  as 
yet  undisturbed  strata,  and  inaugurate  a  motion  in  the  mass 
which  may  be  not  inaptly  compared  to  the  movement  of  a  roller 
under  a  heavy  weight.  Rarely,  however,  will  the  actual  action 
be  as  perfect  as  it  should  theoretically  be,  but  usually  there  is 
combined  with  the  rolling  process  a  forward  and  downward 
thrust  which  crushes  the  mass.  The  more  resistant  portions  of 
the  ledge  break  into  huge  angular  blocks,  the  semi-decayed  lay- 
ers into  smaller  fragments  intermingled  with  a  great  quantity  of 
calcareous  sand.  The  rolling  is  obviously  produced  by  the 
**drag"  of  the  forwardly  moving  glacier,  while  the  thrust  is  the 
result  of  its  great  weight.  This  kneading  process  is  not  only 
theoretically  probable,  but  has  given  rise,  as  I  have  already 
intimated,  to  phenomena  in  Stephenson  county,  Illinois,  which 
are  explainable  only  under  the  supposition  of  having  been  pro- 
duced by  its  action. 

6.  By  a  continuance  of  the  kneading  process,  the  larger 
blocks  are  crushed,  all  evidences  of  the  original  lines  of  stratifi- 
cation are  destroyed,  and  the  deposit  for  the  first  time  bears  a 
slight  resemblance  to  certain  very  stony  tills.  Few  of  the  par- 
ticles are  smaller  than  the  crystals  of  which  the  original  lime- 
stone was  composed,  and,  therefore,  the  deposit  may  still  be 
clas«^ed  with  the  "transported  rock  ledges."  Moreover,  in 
this  stage  there  are  practically  no  foreign  rock  fragments 
although  a  few  Canadian  pebbles  may  be  found  imbedded  in  it 
far  from  the  surface,  proving  its  glacial  age.* 

7.  The  process  of  manufacture  between  the  last  stage  and 
the  typical  glacial  till  may  proceed  along  several  lines,  all  simi- 
lar in  the  general  features  of  the  method,  but  differing  in  details. 
Several  deposits  along  the  Galena  road,  one  mile  northwest  of 
Freeport,  and  along  the  C.  G.  W.  R.  R.  between  German  Valley 
and  Kgan,  seem  ^o  represent  a  stage  slightly  in  advance  of  that 
just   described.      Here    the    angular    limestone    debris    is    com- 

*  A  deposit  representing  this  stage  is  finely  exposed  in  a  gravel  pit,  one  mile  norlli 
of  Freeport,  where  the  angular  gravel  overlies  water-worn  drift  gravel. 
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mingled  with  a  considerable  quantity  of  rounded  drift  of  which 
a  large  portion  consists  of  Canadian  bowlders.  The  foreign 
material  may  reach  as  high  as  50  per  cent,  of  the  mass,  but 
usually  falls  below  10  per  cent.  The  bowlders  belong  to  the 
**englaciar'  drift,  and  the  deposits  containing  them  are  marginal, 
but  I  introduce  them  here  because  by  a  marked  readvance  of 
the  glacial  front,  they  may  be  reworked  into  till. 

8.  In  other  cases,  the  ice  was  transporting  the  red,  imper- 
fectly formed  till,  described  under  stage  No.  2,  contemporane- 
ously with  the  angular  limestone  debris,  and  they  often  came  in 
contact,  either  becoming  thoroughly  commingled  or  perhaps 
only  interstratified.  When  the  intermingling  is  complete,  the 
deposit  has  the  appearance  of  a  very  stony  till  of  a  light  brown 
color,  and  the  material  of  which  is  evidently  mainly  of  local 
derivation.' 

9.  Just  previous  to  the  incursion  of  ice  into  the  Pecatonica 
basin,  in  Stephenson  county,  its  area  was  occupied,  at  the  lower 
levels,  by  several  successive  extra-glacial  lakes,  which  deposited 
glacial  silts,  some  of  which  resemble  typical  loess,  and  others  a 
modified  or  water  deposited  till.  During  the  glaciation  of  the 
region,  the  abrasion  of  these  comparatively  soft  silts  was  remark- 
ably small,  yet  sufficient  to  leave  an  impress  on  the  character  of 
the  till  which  now  overlies  them.  For  it  is  observed  that,  while 
the  ground  moraine  over  the  northern  half  of  the  county,  where 
these  silts  were  poorly  developed  and  rarely  reached  by  the  ice, 
is  very  similar  in  color  and  texture  to  the  residuary  clays,  over 
the  southern  third  of  the  county,  where  the  land  lies  lower  and 
the  extra-glacial  silts  were  strongly  developed,  the  ground 
moraine  is  in  general  of  a  quite  different  character.  The  marginal 
deposits  are  similar  in  both  districts  (consisting  largely  of  angular 
limestone  debris  and  stratified  water-worn  gravel  and  sand) ,  but 
on  the  inter-incipient-morainic  tracts  in  the  southern  district, 
there  is  often  seen  a  till  identical  in  all  important  respects  with 
that  which  is  exposed  in  long  and  repeatedly  glaciated  regions 

'Typically  developed  along  the  road  between  Egan  and  Lightsville  in  Ogle 
county,  about  two  miles  north  of  the  latter  village. 
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and  which  I    have   referred  to   as  **  typical   till."      It    is   a   stiff, 
unstratified,  light  yellowish  gray  clay,  containing  irregularly  dis- 
seminated subangular  blocks,  largely  of  local  derivation,  but  also 
an  appreciable  percentage  of  foreign  rock  fragments,  many  of 
which  are  Canadian  in  origin.     The  Niagara  limestone  pebbles 
are  next  in  abundance  to  the  Galena  limestone  and  chert,  and 
are  often  beautifully  striated.     A  belt  of  this  variety  of  glacial 
clay    occupies   the   country  between  Yellow  creek   and   a  high 
upland   area   about    four  miles    south   of   it.     Its  eastward   and 
westward   limits  are  indefinite,  but  its  length   may   properly   be 
included  within  ten  miles.     It  can  be  observed  best  by  proceed- 
ing due  south  from  Freeport,  where  at  the  distance  of  about  four 
miles,  it  will   be  seen   to   assume   distinct   drumloid   characters. 
In  particular,  one  of  these  pseiuio  drumlins,  while  it  has  a  core  of 
stratified  sand  and  gravel,  is  overlain  by  an  eight-foot  stratum  of 
yellow  till  so  nearlv  identical  in  constitution  with  the  typical  till 
of  a  highly  glaciated  region,  that  no  appreciable  difference  could 
be  detected.     This  drumlin  (?)  is  also  the  best  locality  in  this 
county  for  securing  finely  striated  stones.      Now-,  a  careful  study 
of  the  composition  of  this  till  belt  shows  that,  [a)  the  mass  of 
its  clay  may  be  referred  to  abrasion  of  the  silt  formations  which 
it  frequently  overlies :    {b)  its  foreign  rock  fragments  must  have 
been  brought  into  the  district  by  the  ice-sheet,  but  independently 
of  the  accumulation  of  the  till,  their  occurrence   in  which   is  an 
accident  of  deposition  ;    (r)  the  iron  in  the  till  was  derived  from 
the  residuary  clay  of  the  region,  as  was  also  the  large  amount  of 
angular  and  subangular  white  chert ;  and    {d )    the  subangular 
Galena  limestone  blocks  w-hich  are  quite  abundant  but  generally 
overlooked  because  of  the  more  attractive  appearance  of  the  for- 
eign drift,  must  have  been  derived  from  the  country  rock,  very 
close  to  its  present  position,  by   the  process   which   has    been 
described  in  this  paper. 

It  may  be  objected  to  the  first  proposition  that  the  difference 
between  the  till  in  this  limited  belt  and  th^t  in  the  remainder  of 
the  county,  may  be  due  to  a  greatly  increased  introduction  of 
foreign   material   along  some   line  as  the  broad,  shallow  basin 
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which  occupies  the  southern  third  of  the  county.  The  existence 
of  this  basin  I  recognize  as  the  cause  of  the  much  larger  propor- 
tion of  foreign  drift  pebbles  in  its  vicinity,  for  it  favored  sub- 
glacial  transportation  of  them,  but  I  do  not  think  it  alone  can 
explain  the  phenomena  connected  with  the  above  described  belt 
of  typical  till.  For  (i)  when  we  go  east  on  the  line  of  glacial 
movement,  the  characteristics  of  this  till  disappear,  and  in  the 
extreme  eastern  portion  of  the  county,  what  little  till  we  do  find 
in  the  Pecatonic  basin,  is  mostly  of  the  very  imperfectly  formed 
"semi-residuary"  variety;  and  (2)  if  we  study  the  limits  of  this 
characteristic  till  belt  and  the  direction  of  ice  movement,  in  con- 
nection with  the  limits  of  the  main  body  of  the  extra-glacial 
lake  clays  and  silts,  we  find  such  a  relation  between  them  as  to 
clearly  indicate  the  derivation  of  a  large  portion  of  the  former 
from  the  latter. 

In  short,  the  composition  of  the  till  in  the  belt  now  under 
discussion,  points  to  its  being  only  a  stage '  in  advance  of  that 
described  under  stage  No.  8,  this  advance  being  due  chiefly  to 
the  introduction  of  a  large  amount  of  clay  and  silt,  the  result  of 
an  accidental  passage  of  the  ice  over  a  semi-plastic  lake  deposit, 
which  resisted  erosion  comparatively  well,  but  yet  suffered  some 
abrasion  at  its  surface.  Therefore,  as  the  yellow  till  occurs  over 
and  in  the  immediate  vicinity  of  the  stratified  clays,  there  is  no 
room  for  an  englacial  transportation,  which  is,  moreover,  quite 
unnecessary,  and  in  opposition  to  the  comparative  abundance  of 
striated  pebbles. 

In  summarizing  the  evidence  presented  in  the  preceding 
pages,  I  would  subdivide  the  product  of  direct  glacial  action,  in 
the  central  Pecatonica  basin,  into  classes  as  follows  : 

Cl.\ss  I.  Semi -residuary  drift.  Till  composed  largely  of 
rearranged  red  residuary  clay  and  chert,  with  comparatively  few 
foreign  pebbles. 

Class  II.  Angular  local  limestone  debris.  Varies  between 
contorted,  tilted,  and  transported  unfractured  rock  ledges,  and 
fine  limestone  breccia. 

Class  III.     Consisting  largely  of  a  combination  of  the  two 
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preceding  with  the  addition  generally  of  Canadian  pebbles   and 
small  bowlders.     Usually  seen  in  marginal  deposits. 

Class  IV.  Typical  till.  Light  yellow  gray  calcareous  clay 
containing  pebbles  and  small  bowlders  of  local  and  foreign 
derivation,  many  of  the  latter  beautifully  striated. 

The  divisional  lines  between  these  classes,  in  the  Pecatonica 
basin,  must  always  be  arbitrarily  placed,  as  there  are  gradations 
from  those  deposits  which  are  typical  of  one  class  to  those  which 
are  typical  of  another.  There  is,  also,  no  definite  rule  in  their 
distribution  for,  while  the  four  classes  evidently  represent  four 
successive  general  stages  in  the  process  of  manufacturing  typical 
till,  and  should,  therefore,  naturally  be  expected  to  occupy  suc- 
cessive belts  from  the  outer  glacial  boundary  back  or  east,  they 
are  in  reality  scattered  indiscriminately  over  the  entire  district. 
However,  Class  I  prevails  in  the  northern  half  of  the  county ; 
Class  II  in  a  north  and  south  belt  which,  extending  across  the 
county,  has  its  western  boundary  on  a  meridianal  line  which 
passes  a  few  miles  west  of  Freeport,  and  dies  away  to  the  east 
near  the  Winnebago  county  line;  Class  III  prevails  over  a  belt 
several  miles  in  width  extending  diagonally  from  the  south- 
eastern corner  of  the  county  to  near  Freeport ;  and  Class  IV  is 
principally  developed  south  of  Yellow  creek,  over  and  near  to 
the  remnants  of  the  Lake  Pecatonica  clays. 

Perhaps  the  most  remarkable  feature  of  the  drift  of  this 
county  is  its  anomalous  distribution.  Over  the  western  one- 
third  of  the  county,  the  drift,  although  comparatively  thin,  is 
generally  distributed.  Over  the  central  belt,  the  evidence  of 
vigorous  glacial  action  is  strongest.  While  in  the  extreme 
eastern  one-fourth  of  the  county,  which  was  glaciated  longest, 
there  is  very  little  drift  of  any  kind,  and  there  are  areas,  several 
s(|uare  miles  in  extent,  of  nearly  bare  rock,  and  others  where 
the  preglacial  residuary  clay  still  remains  undisturbed.  It  is 
evident  that  the  conditions  which  controlled  glacial  action 
varied  locally  within  wide  limits,  so  that  excessive  abrasion  [of 
the  rock  surface  might  occur  with  a  less  weight  of  ice  and  a  less 
length   of  glaciation,  than   on   a  neighboring   area  with   similar 
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topography  would  not  suffice  even  to  remove  the  residuary  clay. 
When  I  make  the  statement  that  the  four  classes  of  glacial 
deposits  discriminated  in  this  district,  occupy  hills  equally  as 
high,  as  narrow,  and  as   steep,   also   occupy  valleys   equally  as 


Fi<;.  I. —  The  Kansan  ice  at  work  in  northwestern  Illinois. 

deep  and  broad,  and  trending  in  the  same  direction,  we  are  pre- 
pared to  accept  the  following  conclusions  : 

1.  That  certain  glaciers,  notably  that  which  glaciated  north- 
western Illinois,  in  passing  over  a  slightly  hilly  region,  exerted 
very  unequal  pressure  on  the  land  surface,  this  inequality  not 
always  being  directly  due  to  the  topography  of  the  immediate  vicinity, 

2.  In  crossing  hills  of  moderate  height,  they  sometimes 
strongly  abraded  the  crests,  while  on  closely  adjoining  areas 
they  deposited  ground  moraine  on  hills  of  similar  height  and 
shape. 

3.  The  areas  of  maximum  and  of  minimum  glacial  action 
were  generally  permanent,  or  approximately  so,  throughout  the 
time  of  glaciation. 

4.  In  studying  areas  in  the  Kansan  drift  region  or  at  least 
that  portion  of  it  which  is  in  northwestern  Illinois,  the  relative 
length  of  the  glaciation  in  different  localities  cannot  be  even 
inferred  from  the  apparent  severity  of  the  glacial  action. 

In  conclusion,  I  will  state  in  more  definite  language  what  I 
conceive  to  have  been  the  position  with  relation  to  the  mass  of 
the  ice,  of  the  unstratificd  drift  of  Stephenson  county,  Illinois. 
The  derivation,  transportation,  and  deposition  of  the  material 
occurred  mainly  under  the  peripheral  portion  of  the  glacier. 
Here,  through  the  thinning  of  the  edge,  the  weight  was  less,  and 
the  force  of  the  ice  movement  having  decreased,  there  was  a 
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tendency  of  the  extreme  marginal  portion  to  turn  up,  producing 
a  base  of  a  form  somewhat  as  in  the  accompanying  figure. 

There  was  a  struggle  for  the  mastery  between  the  advancing  ice 
and  the  accumulating  debris.  The  incipient  morainic  or  marginal 
deposits  of  Stephenson  county,  including  the  transported  rock 
ledges,  belong  to  the  extreme  outer  border  of  the  ice  and  were 
transported  least.  Those  which  are  most  thoroughly  kneaded 
belong  to  a  position  at  about  b.  The  drumlin  (?)  area  south  of 
Freeport  may  be  placed  at  c,  while  much  of  the  ground  moraine 
was  formed  and  deposited  still  farther  back  under  the  ice.  By 
recession  and  repeated  slight  readvances  of  the  ice-front,  with  a 
partial  reworking  of  old  deposits,  the  apparently  indiscriminate 
distribution  of  the  drift  of  this  county  may  be  accounted  for. 
When  the  ice  melted  away  entirely,  the  englacial  bowlders  which 
had  become  superglacial  through  ablation  of  the  border  portions 
of  the  glacier,  and  are  so  represented  in  the  figure,  came  to  rest 
upon  the  surface  of  all  the  other  drift  of  the  district  and  the 
areas  of  nearly  bare  rock  represented  at  a. 

If  the  advance  was  continued  far,  the  ice  overrode  the  coarse 
angular  gravel  at  ^7,  crushed  it  finer,  brought  up  "semi-residuary" 
till  and  a  little  foreign  drift  from  farther  back,  and  combined 
them  into  typical  till.  This  gradually  fell  behind  the  advancing 
border  of  the  ice,  and  was  redeposited  as  ground  moraine, 
locally  accumulating  into  drumlins  and  smoothly  undulating 
drift  areas,  while  the  extreme  outer  portion  of  the  glacier  was 
forming  a  new  deposit  of  angular  local   limestone  debris. 

Oscar  H.  Hershey. 

Freeport,  III., 
January  5,  1897. 


THE    GEOLOGY    OF    THE     SAN     FRANCISCO 

PENINSULA. 

The  Coast  Ranges  of  California  embrace  an  extensive  region 
in  which  are  presented  complicated  but  exceedingly  interesting 
geologic  problems.  Much  attention  has  been  given  to  these 
mountains  for  many  years,  but  with  the  exception  of  a  study  of 
the  quicksilver  deposits,  it  is  only  recently  that  we  have  had 
presented  in  a  thorough  manner  the  results  of  the  detailed  exami- 
nation of  local  areas. 

Professor  Lawson's  recent  report  upon  the  geology  of  the 
San  Francisco  Peninsula'  is  perhaps  the  best  yet  made  of  any 
local  area  in  the  Coast  Ranges  and  illustrates  well  what  modern 
methods  of  research  can  accomplish  in  a  complicated  field. 
Notwithstanding  the  excellencies  of  the  report,  there  is  an  infe- 
licity displayed  in  the  discussion  of  several  problems  which  is 
regrettable  in  a  study  of  this  kind.  This  has,  however,  neces- 
sarily resulted  from  the  method  pursued,  in  that  the  investigator 
has  given  his  attention  almost  exclusively  to  a  narrow  field  of 
complex  geology  and  has  failed  to  make  use  of  the  results  of 
the  work  of  others,  concerningquestions  which  the  phenomena  in 
that  field  did  not  illuminate.  It  is  absolutely  necessary  for  the 
appreciation  of  many  facts  in  any  local  area,  and  for  the  philo- 
sophic discussion  of  the  history  of  that  area,  that  the  student 
should  have  a  general  knowledge  of  the  relations  existing  over 
the  region  as  a  whole. 

As  a  result  of  some  experience  in  the  Coast  Ranges  I  feel  called 
upon  in  the  interest  of  geological  progress  to  express  most 
profound  objections  to  a  number  of  conclusions  reached  by 
Professor  Lawson  concerning  some  of  the  vital  questions  involved 
in  the  geoloifical  history  of  this  region.  Consequently  in  answer 
to  his  frank  request  for  friendly  criticism,- 1  will  take  up  the  dif- 

•  r.  S.  Cicol.  Sur.,  15th  Annual  Report,  pp.  405-476. 
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ferent  points  which  I  feel  are  open  to  question  in  the  general 
order  in  which  they  occur  in  the  report.  There  are  several 
statements  in  a  synopsis  of  this  report,'  published  a  year  and  a 
half  ago,  which  will  be  included  in  the  criticism.  There  is  a 
failure,  which  is  without  doubt  due  to  an  oversight,  to  give  recog- 
nition to  some  contemporaneous  and  earlier  work  in  the  same 
general  field  and  upon  the  same  topics. =* 

Passing  over  the  Montara  granite  and  the  associated 
marbles  which  exhibit  the  same  relations  and  have  with- 
out doubt  the  same  historv  as  similar  rocks  in  the  Gavilan 
and  Santa  Lucia  ranges,  wc  come  to  the  author's  Francis- 
can series,  the  oldest  uncrystalline  terrane.  Professor  Lawson 
divides  it  into  five  petrographic  divisions.  The  lowest  consists 
of  conglomerate,  sandstone,  shale,  etc.,  and  is  well  exposed  at 
Point  San  Pedro.  He  considers  that  this  division  may  possibly 
be  older  and  underlie  the  strata  north  of  San  Pedro  valley  uncon- 
formably,  because  fragments  of  shale  similar  to  that  at  the  point 
occur  in  the  sandstone  north  of  the  valley.  The  fact  seems  not 
to  have  been  noticed  that  fragments  of  similar  shale  are  found  in 
the  basal  conglomerate  on  the  point.  The  conglomerates  are 
identical  in  character  with  those  at  the  base  of  the  Golden  Gate 
series  on  the  Monterey  coast,  and  are  without  much  doubt  of  the 
same  age. 

The  **foraminiferal  limestone"  and  "radiolarian  chert"  form 
perhaps  the  most  interesting  portions  of  the  series.  They  are 
dwelt  upon  in  detail,  particularly  the  "cherts."  According  to 
Professor  Lawson  the  latter  are  hard  siliceous  rocks  of  varying 
degrees  of  purity,  and  are  "prevailingly  of  a  dull  brow^nish  red 
color,  although  other  shades   occur."     He  says  that  "in   many 

*  Am.  Geol.,  June  1895. 

•Bull.  Geol.  Soc.  of  Am.,  Vol.  XI,  pp.  71-102.  The  results  of  this  work  were 
'ead  before  the  Cieological  Society  of  America  nearly  a  year  in  advance,  and  published 
six  months  prior  to  the  first  of  the  papers  under  discussion.  The  subjects  concerned 
were  the  position  and  character  of  the  marbles  of  the  Coast  Ranges,  and  especially 
the  rocks  constituting  the  Golden  Gate  series  (Franciscan  scries  of  Professor  Lawson), 
the  nature  of  the  sandstones  and  the  radiolarian  origin  of  the  jaspers,  as  well  as  the 
geologic  position  of  the  series. 
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cases  they  are  true  jaspers  and  have  been  so  designated  in  some 
of  the  earlier  descriptions  of  them."  After  discussing  their 
variability  he  again  says  :  **  In  view  of  this  variation  in  petro- 
graphic  character,  it  has  been  deemed  best  to  refer  to  these 
rocks  by  the  old  and  familiar  name  of  'chert.'  *'  It  seems  to  me 
that,  on  the  contrary,  the  designation  ** chert"  is  not  only  not 
as  appropriate  for  rocks  of  this  character  but  it  does  away  with 
"an  old  and  familiar  name  "  for  no  sufficient  reason.  The  desig- 
nation ** jasper"  was  used  by  Blake,  Newberry,  and  Whitney. 
According  to  Geikie,  ** Chert  is  a  name  applied  to  impure  cal- 
careous varieties  of  flint  in  layers  and  nodules  which  are  found 
among  the  Palaeozoic  and  later  formations,  especially  but  not 
exclusively  in  limestones." 

The  siliceous  bands  in  the  foraminiferal  limestone  which  are 
referred  to  by  Professor  Lawson  as  *•  veins"  I  do  not  consider 
such  in  any  true  sense  of  the  word ;  they  are  more  properly 
cherts  or  phthanites  according  to  the  original  use  of  the  terms, 
but  in  regard  to  the  great  body  of  siliceous  rocks  occurring  inde- 
pendently there  seems  to  be  no  use  in  making  a  change  in  terms. 

The  nature  of  the  so-called  **  veins  "  in  the  limestone  seems  not 
to  have  been  clearly  understood.  On  exposed  surfaces  of  many 
feet  in  extent  these  siliceous  bands  stand  out  with  great  distinct- 
ness. Some  of  them  are  as  even  and  regular  as  the  limestone 
strata,  while  others  are  discontinuous  and  more  uneven.  They 
sometimes  blend  into  the  limestone  but  more  commonly  are 
quite  sharply  distinguished.  These  bands  of  chert  are  contem- 
poraneous deposits,  being  always  conformable  to  the  stratifica- 
tion of  the  limestone,  and  differing  most  markedly  from  the  veins 
of  secondary  origin.  Thin  slides  prepared  from  a  number  of 
specimens  show  them  to  be  thickly  filled  with  organic  remains 
of  radiolarian  character. 

After  a  description  of  the  jaspers  several  theories  of  their 
origin  are  considered.  The  theories  are  as  follows  :  ( i)  siliceous 
springs  in  the  bottom  of  the  ocean,  similar  to  those  well  known 
in  volcanic  regions  ;  (2)  radiolarian  and  other  siliceous  remains 
uhich  may  have  become  entirely  disssolved  in  sea  water;    (3) 
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volcanic  ejectamenta  which  may  have  become  similarly  dis- 
solved. The  two  latter  are  rejected  and  the  first  received,  as 
having  the  most  to  support  it,  in  the  following  words:  **The 
hypothesis  of  the  derivation  of  the  silica  from  siliceous  springs 
and  its  precipitation  in  the  bed  of  the  ocean  in  local  accumula- 
tions, in  which  the  radiolarian  remains  became  imbedded  as  they 
dropped  to  the  bottom,  seems,  therefore,  the  most  adequate 
to  explain  the  facts,  and  there  is  nothing  adverse  to  it  as  far  as 
the  writer  is  aware.*' 

Some  time  since  I  proposed  a  theory'  to  account  for  the 
origin  of  the  jaspers  substantially  equivalent  to  the  second  given 
above.  Professor  Lawson's  chief  objection  to  the  view  of  the 
organic  origin  of  these  rocks  consists  in  the  fact  that  they  occur 
in  lenticular  masses  instead  of  evenly  bedded  deposits.  In  his 
petrographic  description  it  is  stated  that  the  *' cavities  of  the 
radiolaria  have  been  filled  with  chalcedonic  silica  and  are  in 
definite  contrast  with  the  non-chalcedonic  matrix."  With  this 
last  statement  my  experience  is  not  often  in  accord.  I  have 
found  every  gradation  in  the  specimens  from  those  in  w^hich  the 
radiolaria  are  distinctly  marked,  as  Professor  Lawson  says,  to 
those  in  which  they  are  only  faintly  distinguishable  from  the 
matrix,  or  apparently  absent.  In  my  opinion  this  state  of  things 
gives  good  ground  for  the  view  that,  owing  to  possible  trans- 
formations through  the  action  of  sea  water,  and  the  secondary 
changes  which  are  known  to  have  taken  place,  there  is  no  valid 
reason  for  denying  the  organic  origin  even  when  no  organic 
remains  are  distinguishable. 

Professor  Lawson  has  failed  to  recognize  that  the  siliceous 
bands  in  the  limestone  must  have  had  an  origin  similar  to  those 
occurring  in  aggregates  by  themselves.  If  the  theory  of  forma- 
tion by  springs  is  applicable  to  one  it  is  to  the  other.  The 
occurrence  of  these  radiolarian  jaspers  interstratified  with  the 
limestone  is  a  most  suggestive  fact.  Similar  conditions  of  sedi- 
mentation must  have  obtained  in  the  one  case  as  in  the  other, 
the  only  difference  being  that  at  one  time  calcareous  layers  were 

»  Bull.  Geol.  Soc.  Am.,  Vol.  VI,  p.  85. 
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formed,  and  at  another  siliceous.  The  local  bands  of  silica,  a 
few  feet  perhaps  in  lateral  extent,  wholly  surrounded  by  lime- 
stone and  sharply  differentiated  from  it  could  not  in  all  proba- 
bility have  been  formed  through  the  action  of  siliceous  springs. 
The  large  lens-shaped  bodies  of  massive  jasper  are  also 
abruptly  marked  off  from  the  inclosing  sandstone  or  shale.  If  each 
lens  wxre  due  to  the  action  of  one  or  more  springs  the  currents 
must  of  necessity  have  been  weak  near  the  edges  of  the  deposit 
and  could  not  possibly  be  conceived  as  "sufficient  to  deflect 
sediment-laden  counter-currents."  If  sedimentation  were  going 
on  around  the  springs  it  is  impossible  that  the  silica  could  have 
been  precipitated  without  more  or  less  commingling  with  the 
sand.  The  presence  of  similar  radiolarian  jasper  in  the  lime- 
stone is  suggestive  of  the  view  that  to  whatever  cause  the 
lenticular  form  of  the  latter  is  due  the  same  cause  conditioned 
the  similar  outline  of  the  former. 

Turner'  savs  of  the  limestones  in  the  Knoxville  at  Mount 
Diablo,  and  of  the  older  limestones  in  the  Sierras  that  "  each 
calcareous  layer  is  rather  a  series  of  lenticular  bodies  than  a 
continuous  limestone  stratum.  This  applies  to  the  Sierra 
Ncvadas  as  well,  onlv  there  the  limestone  bodies  are  hundreds 
of  feet  in  diameter."  The  belt  of  foraminiferal  limestone 
described  bv  Professor  Lawson  is  equally  bunchy,  reaching  a 
very  considerable  thickness  in  places,  as  on  the  northern  slope 
of  Black  Mountain,  and  then  contracting  to  very  limited  propor- 
tions. It  thus  appears  that  as  far  as  the  shape  of  the  deposits  is 
concerned  the  spring  theory  of  origin  is  equally  applicable  to 
the  limestone. 

The  statements  in  the  report  concerning  the  condition  of  the 
formation  of  the  jaspers  do  not  exactly  accord.  For  instance, 
on  page  426,  Professor  Lawson  says:  "If  the  springs  were 
strong  the  currents  engendered  might  in  some  places  have  been 
sufficient  to  deflect  sediment-laden  counter-currents,  and  this  way 
serve  to  explain  the  general  absence  of  clastic  material  in  the 
chert."     On  page  466  he  says :     "At  different  more  or  less  pro- 

'Bull.  Geol.  Soc.  Am.,  Vol.  Ill,  p.  394. 
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longed  periods  during  the  accumulation  of  the  series  the  bottom 
of  the  sea  sank  sufficiently  rapidly  to  be  out  of  the  reach  of  lit- 
toral sediments." 

According  to  the  observations  of  the  author  the  body  of  the 
limestone  is  as  free  from  detrital  matter  as  the  jasper,  and 
except  for  the  thickly  scattered  calcareous  remains  shows 
no  more  traces  of  organic  origin  than  portions  of  the  jasper. 

I  cannot  see  that  the  origin  through  springs  has  anything 
whatever  to  support  it.  It  is  undoubtedly  true  that  a  subsidence 
or  change  in  ocean  currents  gave  rise  to  conditions  favorable  to 
the  accumulation  of  beds  of  jasper  and  limestone.  It  is,  how- 
ever, rather  difficult  to  believe  that  this  movement,  which  could 
not  have  been  of  a  catastrophic  kind,  should  have  accorded 
exactly  with  the  flow  of  hundreds,  if  not  thousands,  of  springs 
over  the  sea  bottom,  which  at  one  period  were  purely  siliceous, 
and  at  another  deposited  nothing  but  pure  carbonate  of  lime.  If 
the  currents  were  as  strong  as  the  author  supposes,  it  does  not 
seem  possible  that  the  radiolaria  should  have  settled  so  thickly 
as  we  frequently  find  them,  and  besides  the  springs  possibly 
being  fresh  would  not  form  a  congenial  place  for  marine 
organisms. 

A  short  discussion  is  given  by  the  author  to  deposits  which 
he  terms  silica-carbonate  sinter,'  the  true  nature  of  which  seems 
not  to  be  understood.  He  says  :  **Its  occurrence  in  extensive 
sheets,  roughly  parallel  with  the  bedding,  suggests  that  it  is  a 
contemporaneous  deposit,  but  it  may  possibly  be  a  vein  forma- 
tion. Its  occurrence  in  the  Aucella  sandstones  elsewhere,  and 
in  the  San  Francisco  sandstones  of  the  peninsula  is  of  interest 
as  a  possible  factor  in  the  correlation  of  these  formations." 
This  is  a  case  in  which  wider  familiarity  with  the  Coast  Ranges 
and  their  mineral  deposits  would  have  readily  settled  a  very 
simple  question.  These  deposits  of  sinter  are  almost  always 
associated  with  quicksilver  ores  forming  their  gangue.  The 
quicksilver  deposits  are  known  to  date  from  post-Miocene  times, 
and  owing  to  their  recent   formation    it   is   to   be   expected   that 
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they  would  occur  at  all  geological  horizons.  Consequently  the 
correlation  of  the  Knoxville  with  the  Franciscan  series  (Golden 
Gate  series)  by  this  means  is  out  of  the  question.  The  sinter  is 
very  similar  all  through  the  Coast  Ranges,  and  any  deposit  is  a 
possible  source  of  quicksilver. 

Professor  Lawson's  discussion  of  the  structure  of  the  older 
uncrystalline  rocks  shows,  although  he  minimizes  the  importance 
of  the  disturbances  which  they  have  undergone,  that  it  is  often 
difficult  of  elucidation.  The  earlier  observers  have  all  remarked 
upon  the  difficulties  connected  with  a  study  of  the  so-called 
metamorphic  rocks,  and  we  cannot  admit  that  all  of  their  work 
is  **  superficial."  While  the  author  is  probably  right  in  asserting 
that  the  larger  structural  features  are  comparatively  simple  in 
the  area  under  discussion,  yet  it  seems  to  me  that  there  is  good 
reason  for  believing  that  the  structure  is  very  complex  in  detail. 
This  is  shown  by  the  fracturing  and  folding  of  the  jasper  bands ; 
the  frequent  occurrence  of  crushed  shale,  and  thin-bedded  sand- 
stone in  a  ruptured  condition ;  and  the  presence  of  innumerable 
cracks  and  shear  planes  in  the  more  massively  bedded  sand- 
stones. Local  areas  occur,  it  is  true,  totally  free  from  the  effects 
of  strain,  but  they  do  not  dominate.  A  comparison  of  the  sand- 
stone at  Point  San  Pedro  with  that  north  of  the  valley  of  the 
same  name  affords  a  good  illustration.  Both  in  the  cliffs  and 
on  top  of  the  point  the  sandstone  weathers  out  in  large  blocks 
in  a  manner  closely  simulating  the  sandstone  in  the  Cretaceous 
and  older  Tertiary  in  the  Coast  Ranges.  On  the  contrary  the 
similar  sandstone  in  the  hills  north  of  San  Pedro  Valley  breaks 
up  in  angular  fragments  ;  being  permeated  in  many  places  with 
veins  of  cjuartz  and  calcite,  or  linear  seamlikc  cavities.  This 
fracturing  and  veining  is  also  almost  everywhere  to  be  noted  in 
the  jaspers  and  limestone.  Professor  Lawson  considers  that 
because  the  number  of  parting  planes  decreases  downward 
from  the  surface  they  are  due  in  great  part  to  atmospheric 
agencies  alone,  although  he  recognizes  some  shear  planes.  I 
believe,  however,  that  we  have  good  reason  for  holding  that  a 
large  part    of    these  planes  which  separate  the  sandstone  into 
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angular  fragments  are  not  due  to  atmospheric  agencies  alone, 
but  that  they  are  capable  of  being  produced  in  thick-bedded 
rocks  as  well  as  in  thin-bedded  which  have  not  been  greatly 
sheared,  but  subjected  to  a  rending  strain.  Such  rocks  under 
proper  conditions  can  become  rccemented  and  apparently  as 
massive  as  before.  The  cracks  may  thus  become  completely 
closed,  or  left  slightly  open  and  filled  with  calcite  or  quartz. 
Subjected  to  atmospheric  agencies  lines  of  weakness  are  soon 
developed,  and  the  rock  crumbles  in  angular  pieces.  A  similar 
rock  which  has  not  undergone  this  breaking  strain  will  weather 
either  in  large  rounded  knobs,  or,  if  it  be  soft  and  argillaceous, 
break  up  into  fragments  more  or  less  conchoidal. 

Professor  Lawson  remarks  further  upon  this  subject  as  fol- 
lows:  **The  superficial  study  of  this  phenomenon  has  led  to 
grossly  exaggerated  views  as  to  the  amount  of  disturbance 
(shattering)  to  which  the  Coast  Ranges  have  been  subjected. 
The  sharply  marked  alternation  of  wet  and  dry  seasons,  com- 
bined with  the  treeless  character  of  many  of  the  ranges,  is 
peculiarly  favorable  t)  this  disintegration." 

It  is  only  necessary  to  compare  the  most  of  the  sandstones 
of  the  Golden  Gate  series  with  those  of  the  Cretaceous  or  Ter- 
tiary to  see  the  vast  difference  in  the  manner  of  weathering. 
As  a  result  of  my  experience  through  nearly  the  whole  of  the 
Coast  Ranges,  I  feel  satisfied  that  peculiarities  of  climate  have  not 
been  the  cause  of  the  phenomenon  under  discussion.  The  abun- 
dance of  cracks  and  shear  planes  in  the  older  rocks  is  one  of  the 
chief  reasons  why  it  is  so  difficult  to  obtain  good  building  stone 
from  them,  although  the  sandstones  are  characteristically  thick 
bedded. 

I  think  that  Professor  Lawson  has  underestimated  the 
amount  of  disturbance  to  which  the  Golden  Gate  series  has  been 
subjected.  It  is  not  necessary  for  the  folds  to  be  involved  or 
intricate,  although  they  certainly  are  in  many  places,  for  it  to 
have  undergone  a  large  amount  of  strain,  fracturing,  and  shear- 
ing. 

Professor  Lawson  professes  to  be   entirely  ignorant  of  the 
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"erogenic  movements  which  effected  the  deformation  and  fault- 
ing of  the  Franciscan  series"  as  well  as  of  the  relative  sequence 
of  these  disturbances  and  the  peridotitic  intrusions.  This  is,  of 
course,  excusable  in  one  studying  only  a  narrow  field  where  a 
part  of  the  record  is  wanting,  but  too  much  is  at  present  known 
of  the  wider  field  of  Coast  Range  geology  for  one  to  plead 
ignorance  on  these  questions. 

The  initial  disturbance  of  the  Golden  Gate  series,  with  the 
exception  of  that  produced  by  the  contemporaneous  intrusions 
and  flows,  dates  from  the  post-Jurassic  upheaval.  Leaving  out 
of  account  the  serpentine,  there  is  evidence  that  many  of  the 
eruptive  bodies  associated  with  this  series  were  subsequently 
formed.  The  intrusive  nature  of  the  diabase  at  Hunters  point 
is  recognized  by  Professor  Lawson,  and  he  is  certainly  correct. 
To  the  presence  of  these  eruptives,  I  believe,  is  to  be  attributed 
the  extreme  disturbance  in  local  areas. 

As  to  the  age  of  the  Franciscan  series^  of  Professor  Lawson 
nothing  more  definite  is  advanced  than  the  evidence  of  a  few 
imperfect  fossils,  which  cannot  be  determined  specifically  and 
in  many  cases  not  even  generically.  These  fossils  are  supposed 
to  favor  the  old  view  of  a  Cretaceous  age.  He  says  :  **  Evidence, 
such  as  it  is,  is  confirmatory  of  the  opinions  of  Whitney  and 

Becker The  series  as  a  whole  is  very  probably  older  than 

the  Knoxville  Aucella  horizon  of  California.  The  writer  has  no 
doubt  upon  this  point.*' 

Professor  Lawson  gives  no  reason  for  assuming  the  series  to 
be  older  than  the  Knoxville,  and  since  Mr.  Stanton's'  work 
places  the  Knoxville  Aucella  horizon  at  the  base  of  the  Creta- 
ceous, it  is  difficult  to  understand  how  these  pre- Knoxville 
rocks  can  be  included  in  the  Cretaceous. 

■ 

'This  designation  (American  Geologist,  June  1895)  embraces  the  same  aggregate 
of  strata  to  which  I  have  given  the  name  Golden  Gate  series  (Journal  of  Geology, 
May-June  1895)  from  its  characteristic  exj>osures  at  the  entrance  to  San  Francisco 
Bay.  As  to  which  name  shall  finally  be  accepted  I  am,  for  my  part,  willing  to  rest 
the  case,  although  another  claim  might  with  great  justice  be  added,  on  the  truth  or 
falsity  of  my  published  statements  as  to  its  age  and  stratigraphic  position. 

^BuII.,  No.  133.  U.  S.  Geol.  Sur. 
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Again  Professor  Lawson  argues  for  the  post-Jurassic  age  of 
the  granites  in  the  Coast  Ranges,  and  in  order  to  account  for 
the  fact  that  the  pre-Knoxville  rocks  rest  on  the  granite  with  a 
basal  conglomerate,  he  is  obliged  to  assume  that  they  are  a  part 
of  the  Cretaceous.  The  correctness  of  one  view  argues  much 
for  the  other;  if  one  falls  both  must  be  considered  invalid. 

Again  he  says :  **  Fairbanks  has  combated  the  views  of 
Whitney  and  Becker,  and  has  pronounced  the  series  to  be  of 
pre-Cretaceous  age.  He  has  not  yet,  in  the  writer's  opinion, 
established  the  correctness  of  his  contention.'*  I  wish  to  call 
especial  attention  to  this  statement  because  of  the  fact  that  Pro- 
fessor Lawson  has  not  advanced  one  particle  of  evidence  in 
refutation  of  my  published  statements  as  to  the  existence  of  a 
nonconformity  between  the  Knoxville  and  these  lower  beds.  It 
is  hardlv  probable  that  we  shall  soon  find  any  fossils  in  good 
enough  condition  to  be  decisive  concerning  the  question  at  issue, 
and  the  main  dependence  must  be  placed  upon  stratigraphy. 
The  fact  that  these  rocks  (Golden  Gate  series)  lie  unconform- 
ably  beneath  the  Knoxville  is  shown  by  the  most  strongly 
marked  contrast,  structurally  as  well  as  lithologically,  in  addition 
to  the  stratigraphic  break  which  I  have  described  in  previous 
publications. 

In  closing  his  description  of  the  stratigraphy  and  structure 
of  the  Franciscan  series.  Professor  Lawson  says  in  regard  to  the 
disturbance  of  the  strata  :  **The  most  of  it  seems  to  have  long  ante- 
dated the  uptilting  of  the  Montara  fault  block,  so  that  the  latter 
differs  from  most  tilted  blocks  with  which  we  are  familiar. 
These  are  commonlv  tilted  blocks  of  strata  previously  undisturbed, 
and  the  tilting  is  recognized  by  the  attitude  of  the  strata  and  the 
presence  of  fault  scarps.  In  the  present  case,  however,  the 
region  has  been  moderatelv  folded  and  profoundly  faulted  with 
local  sharp  plication."  As  far  as  I  am  conversant  with  the 
geology  of  California  and  adjacent  parts  of  Nevada,  the  fault 
blocks  are  commonly  not  tilted  blocks  of  previously  undisturbed 
strata,  but  exactly  the  opposite ;  that  is,  the  strata  have  been 
more  or   less   highlv  folded  and  tilted  previous  to  the  faulting, 
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much  of  which  now  recognizable,  is  of  quite  recent  date,  geo- 
logically speaking. 

In  the  last  sentence  quoted  Professor  Lawson  seems  to  recog- 
nize quite  fully  the  complicated  structure  of  the  Franciscan 
series. 

The  serpentine  in  the  area  covered  by  Professor  Lawson's 
report  is  divided  into  three  linear  tracts.  One  extends  across 
the  city  of  San  Francisco  from  Fort  Point  to  Hunters  Point,  a 
distance  of  ten  miles,  with  a  width  of  one  and  one-half  miles. 
Another  large  tract  extends  from  San  Andreas  Lake  to  San 
iMateo  Creek,  having  a  length  of  eleven  and  one-half  miles  and 
a  maximum  width  of  one  mile. 

According  to  the  description  these  bodies  occur  as  laccolites, 
laccolitic  sills,  or  dikes.  From  a  careful  perusal  of  the  report, 
and  an  examination  of  several  of  the  more  important  areas 
covered  by  these  eruptives,  I  cannot  understand  the  reason  for 
applying  to  them  the  designation  laccolite.  This  term  was 
originallv  given  by  Gilbert  to  an  eruptive  mass  which  in  the 
course  of  being  forced  upward,  instead  of  reaching  the  surface, 
finally  spread  out  between  the  strata,  forming  a  thick  lens,  and 
arching  them  over  it  in  dome  form.  Professor  Lawson  is  certainly 
right  in  the  statement  that  the  main  bodies  are  not  true  dikes, 
but  it  seems  to  me  that  the  term  sheet  or  sill  which  he  uses  quite 
frequently  is  the  really  proper  one  for  these  eruptives.  If  the 
term  laccolite  has  any  exact  meaning  it  is  certainly  not  synony- 
mous with  sheet  or  sill. 

I  have  carefully  examined  the  so-called  laccolites  of  Hunters 
Point,  Potrero  and  Fort  Point  and  can  find  no  evidence  that 
these  eruptive  masses  were  ever  covered  by  an  arched  roof.  In 
mv  opinion  the  field  relations  indicate  that  they  cooled  as  sheets 
or  dikes.  They  have  no  appearance  of  being  lens  shaped,  and 
if  it  is  true,  as  Professor  Lawson  supposes,  that  they  are  all  con- 
nected through  the  distance  of  ten  miles,  we  have  then  a  long  sheet 
inclined  at  an  angle  of  35"*  to  40";  and  though  in  a  general  way 
intruded  along  the  bedding  planes  of  the  sandstone  and  shale, 
yet.  owing  to  the  marked  irregularities  of  the  surface  of  the  erup- 
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tive  sheet,  the  inclosing  strata  have  been  much  disturbed  and 
show  locally  a  marked  variation  in  strike  and  dip. 

The  remnant  of  a  supposed  laccolite  roof  on  Hunters  Point 
I  would  interpret  to  be  a  body  of  jasper  and  sandstone  or  shale 
inclosed  in  the  serpentine,  as  a  portion  of  it  occupies  a  sag 
between  higher  serpentine  ridges,  and  apparently  extends  down 
into  a  small  ravine. 

It  is  fully  as  difficult  to  believe  that  the  Fort  Point  occurrence 
is  a  laccolite.  The  stratum  of  shale,  sandstone,  and  occasional 
bodies  of  jasper,  which  appears  in  the  cliffs  and  along  the  beach 
south  of  the  fort,  dips  into  the  cliffs  at  an  average  angle  of 
not  less  than  30"^,  and  it  seems  to  me  that  it  can  be  nothing 
else  than  an  inclusion  between  two  sheets  of  serpentine. 

The  exposures  at  the  Potrero  are  good  and  bear  out  the 
opinion  which  I  have  already  expressed. 

That  the  two  dominant  ridges,  Montara  Mountain  and  San 
Bruno  Mountains,  are  fault  blocks  of  such  importance,  or  their 
diastrophic  history  so  clear  as  Professor  Lawson  outlines  it,  does 
not  seem  evident  to  me.  The  San  Bruno  Mountains  are  said  to  be 
the  older  block,  but  the  southern  slope  facing  the  supposed  fault 
is  remarkably  bold  and  steep,  not  showing  an  advanced  stage  of 
degradation,  and  in  addition  the  northern  slope  is  almost  as 
abrupt.  The  supposed  fault  of  7000  feet  appears  almost  incred- 
ible, and  it  does  not  seem  at  all  necessary  to  postulate  it  in 
order  to  account  for  the  position  of  the  Merced  series.  That  this 
series  should  once  have  existed  over  the  whole  of  the  northern 
end  of  the  San  Francisco  peninsula  appears  very  problematical 
at  least.  That  a  series  over  a  mile  in  thickness,  and  of  so  late 
an  age,  should  have  been  so  completely  removed  as  not  to  leave 
a  trace  north  of  the  supposed  fault  it  is  not  easy  to  believe. 

I  cannot  find  any  evidence  either  of  the  supposed  great  fault 
on  the  southern  slope  of  Montara  Mountain.  The  topography  as 
a  whole  does  not  support  the  idea,  and  that  the  ridge  is  a  simple 
tilted  block  is  not  supported  by  the  evidence  which  Professor 
Lawson  adduces  of  important  faults  on  the  northern  slope.  Pro- 
fessor Lawson's  suggestion  in  another  place  that  Montara  Moun- 
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tain  has  been  forced  up  through  the  strata  in  the  manner  of  a  tele- 
scopic thrust  appears  to  me  to  have  an  important  element  of  truth 
in  it.  This  thrust  probably  resulting  from  lateral  compression  pro- 
duced the  elevation  of  the  granite,  partly,  at  least,  through  shearing. 

It  would  appear  that  the  evidence  in  favor  of  the  successive 
appearance  of  the  **two  dominant  fault  blocks"  is  exceedingly 
sliirhl.  While  the  San  Bruno  Mountains  are  considered  to  have 
been  above  the  sea  level  and  the  Pliocene  undergoing  erosion, 
there  is  believed  to  have  been  no  such  subaerial  period  for  Mon- 
tana Mountain  until  the  final  'uplift  resulting  in  the  terrace 
deposits.  This  is  opposed  to  the  observation  of  Mr.  Ashley'  as 
well  as  to  my  own  views  concerning  the  general  post-Pliocene 
elevation  of  the  coast.  By  this  elevation  I  do  not  mean  that  to 
which  the  terraces  are  due,  but  an  earlier  one  resulting  from 
the  same  influences  which  deformed  the  Pliocene  sediments  the 
whole  length  of  the  California  coast. 

In  regard  to  the  age  of  the  granite  Professor  Lawson  *  says : 
"The  simplest  and  most  natural  hypothesis  that  suggests  itself 
is  that  the  granite  corresponds  in  age  with  that  of  the  Sierra 
Nevada,  and  this  hypothesis  has  not  yet  been  exhausted  of  its 
strong  probability  of  truth.  The  granites  of  the  Sierra  Nevada, 
in  so  far  as  their  age  is  known,  are  clearly  post-Jurassic.  Gran- 
ites of  about  this  age  are  extensively  developed  along  the  west 
coast  of  North  America  from  Alaska  southward.  The  granites  of 
the  southern  and  northern  Coast  Ranges  seem  to  be  geologically 
continuous  with  those  of  the  Sierra  Nevada.  The  fact  that  the 
Sierra  are  separated  from  the  Coast  Ranges  by  the  valley  of  Cal- 
ifornia is  immaterial  to  the  discussion,  since  the  latter  is  clearly 
a  delta-filled  geosyncline  ot  late  Tertiary  or  post-Tertiary  origin. 
There  is  therefore  a  strong  presumption  in  favor  of  the  view 
that  the  granites  of  the  Coast  Ranges  and  those  of  the  Sierra 
Nevada  are  of  common  origin  and  common  history.  This  pre- 
sumption must  be  steadily  kept  in  view  till  it  is  negatived  by 
positive  evidence." 

'  Neocene  Stratigraphy  of  the  Santa  Cru/  Mountains,  p.  334. 
'  .\ni.  Geol..  June  1895. 
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< 
It  does  not  seem  to  me  that  there  is  any  validity  whatever  in 

the  above  reasoning,  and  in  the  light  of  the  true  position  of  the 
Golden  Gate  series  there  is  a  strong  presumption  in  favor  of  an 
opinion  exactly  opposite  to  that  just  quoted.  In  fact  the  pre- 
sumption is  so  strong  that  it  amounts  almost  to  a  certainty  that 
the  granite  in  the  Coast  Ranges  is  older  than  the  main  body  of 
the  granite  in  the  Sierras.  What  we  at  present  know  of  the 
position  of  the  Golden  Gate  series  points  to  the  fact  that  its  first 
upheaval  was  contemporaneous  with  the  last  great  upheaval 
recorded  in  the  rocks  of  both  the  Sierras  and  Klamath  Moun- 
tains. The  Mariposa  beds  involved  in  this  upheaval  in  the 
Sierras  are  held  to  be  Upper  Jurassic.  The  Knoxville  beds 
deposited  after  this  upheaval  are  believed  on  the  best  authority 
to  be  Lower  Cretaceous ;  and  if  we  make  the  granite  in  the  Coast 
Ranges  the  same  age  as  that  in  the  Sierras,  we  must  crowd  into 
the  break  between  the  Mariposa  beds  and  the  Knoxville,  a  series 
of  beds  thousands  of  feet  in  thickness  and  separated  from  the 
Knoxville  by  a  break  as  profound  as  that  between  the  Knoxville 
and  the  Jurassic. 

There  is  every  reason  for  assuming  that  the  granitic  rocks  of 
California  are  not  all  of  the  same  age.  Granitic  bowlders  occur 
in  the  Mariposa  beds  south  of  Colfax,  a  fact  pointing  to  a  pre- 
Jurassic  granite  body  in  that  region. 

The  youngest  fossiliferous  rocks  associated   with  granite  in 

southern  California  are  probably  of  Carboniferous  age,  and  while 

the  extension  of  the  crystalline   basement  rocks  of  that  region 

northwestward  into  the  Coast   Ranges  is  not  likely  to  be  much 

younger  than  the  Carboniferous,  for  all  that  we  know  at  present 

it  may  be  much  older. 

Harold  \V.  Fairbanks. 

Berkkley.  California. 


Editorial. 


The  success  of  the  recent  meeting  of  the  Geological  Society 
of  America  was  undoubtedly  due  to  the  fact  that  it  was  held  in 
Washington.  No  other  city  in  the  country  offers  so  many 
attractions  to  geologists  in  the  winter  time  as  the  national 
capital.  Containing  as  it  does  the  largest  body  of  geological 
investigators  to  be  found  in  any  one  place  in  the  world,  it  has 
become  a  center  of  geological  activity  and  the  repository  of 
many  valuable  collections.  Located  within  easy  reach  of  the 
universities  of  the  East  and  South  and  of  -the  Middle  West  it  has 
become  a  favorite  rendezvous  for  geologists  scattered  through- 
out these  parts  of  the  country.  For  these  reasons  the  sugges- 
tion made  by  Mr.  VValcott,  Director  of  the  United  States 
Geological  Survey,  that  tfie  society  hold  all  its  winter  meetings 
in  Washington  and  its  summer  meetings  elsewhere,  is  an  excellent 
one,  and  was  heartily  endorsed  by  the  retiring  president,  Pro- 
fessor Le  Conte.  Since  the  present  method  of  entertaining  the 
society  would  prove  a  burden  upon  the  Washington  members  if 
repeated  annually,  it  would  be  proper  to  allow  the  visiting 
members  to  share  the  expense  by  dividing  the  cost  per  capita. 
It  is  to  be  hoped  that  the  proposition  to  meet  annually  in 
Washington  be  considered  seriously  by  the  society. 

The  necessity  of  more  expeditious  methods  of  conducting 
the  presentation  of  papers  and  the  need  of  a  livelier  sense  of 
obligation  to  fellow-members  on  the  part  of  those  misusing  the 
lime  of  the  meeting  were  apparent.  It  ought  not  to  require 
long  reflection  to  convince  one  that  beyond  a  reasonable  use  of 
time  the  tax  on  the  patience  of  an  audience  defeats  the  object 
of  an  address,  and  is  more  than  a  waste  of  energy. 

It  is  to   be    noted  that  the  present  unsatisfactory  process  of 
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conducting  the  annual  election  resulted  in  the  only  regrettable 
incident  connected  with  this  otherwise  highly  successful  meeting. 
The  present  method  should  be  changed  speedily.  It  has  been 
suggested  that  a  process  should  be  adopted  by  which  the  secre- 
tary should  send  to  every  member  blanks  for  nominations  for 
each  officer;  each  member  to  nominate  one  person  for  each 
office.  Upon  receiving  these  nominations  the  secretary  should 
ascertain  those  having  the  two  highest  numbers  of  nominating 
votes,  and  mail  to  each  member  a  ballot  placing  these  in  nomi- 
nation, and  requesting  a  vote. 

The  extent  of  the  interest  taken  in  the  meeting  is  shown  by 
the  number  of  papers  presented,  which  reached  fortv-nine,  and 
by  the  fact  that  discussions  were  quite  generally  participated  in. 
The  presence  of  ladies  at  the  banquet  and  the  efforts  of  the 
committee  on  entertainment  and  those  of  the  toastmaster.  Pro- 
fessor Emerson,  combined  to  render  this  feature  of  the  meeting 
most  enjoyable.  J.  P.  I. 

* 

In  the  October-November  number  of  the  Journal  of  Geology 
(p.  8 1  i)Mr.J.B.Tvrreirs  paper  on  the  •*  Genesis  of  Lake  Agassiz.*' 
includes  incidental  reference  to  the  application  of  the  name 
**Laurentide  Glacier,"  upon  which  it  may  be  useful  to  make 
some  comment.  When  it  had  been  shown  by  the  writer  that 
the  Cordilleran  ice-sheet  of  the  West  was  self-contained,  it 
became  evident  that  the  great  eastern  division  of  what  had 
previously  been  referred  to  as  a  ** continental  glacier"  required 
some  distinctive  appellation.  The  name  Laurentide  glacier  was 
then  proposed  in  the  following  terms  :  **  Recognizing,  however, 
the  essential  separateness  of  the  western  and  eastern  confluent 
ice-masses,  and  the  fact  that  it  is  no  longer  appropriate  to 
designate  one  of  these  the  *  Continental  glacier'  the  writer 
ventures  to  propose  that  the  eastern  mcr  dc  glace  may  appropri- 
atelv  be  named  the  Luiurentidc  srlacicr  while  its  western  fellow  is 
known   as    the    Cordilleran  glacier/*^     Thus   it   appears  that   the 

'American  Geologist,  Sept.  1890.  See  aliio  Trans.  Royal  Soc.  Canada.  Vol. 
VIII.  Sec.  IV,  p.  56. 
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term  Laurentide  glacier  was  intended  to  designate  an  ice-sheet 
developed  upon  the  entire  Laurentian  plateau  or  protaxis  —  the 
Canadian  shield  of  Suess  —  which  extends  itself,  as  a  relatively 
elevated  tract  of  U-shaped  form  around  the  depression  of 
Hudson  Bay,  from  Labrador  on  the  east  to  the  Arctic  Ocean 
near  the  mouth  of  the  Mackenzie  on  the  west. 

Mr.  Tyrreirs  investigations  relate  particularly  to  that  arm  of 
the  protaxis  which  lies  to  the  west  of  Hudson  Bay,  and  upon 
the  northern  part  of  this  he  has  been  able  to  define  a  center 
of  dispersion  of  glacier-ice  to  which  he  has  applied  the  name 
"Kecwatin  glacier/'  He  suggests  that  the  name  Laurentide 
glacier  may  now  be  relegated  to  the  similar  center  of  radiation  of 
ice  shown  by  Mr.  A.  P.  Low  to  have  existed  on  the  Labrador 
peninsula,  and  supposes  that  ice  from  the  latter  gathering-ground 
(at  a  date  subsequent  to  that  of  the  greatest  spread  of  the  Kce- 
watin  glacier)  crossed  the  southern  part  of  Hudson's  Bay  to  the 
Winnipeg  basin  as  well  as  to  that  part  of  the  continent  in  the 
vicinity  of  the  Great  Lakes.  It  is,  however,  tacitly  assumed 
that  no  general  occupation  of  the  Laurentian  plateau  by  glacier- 
ice  occurred  at  a  period  antecedent  to  that  in  which  the  Kee- 
watin  glacier  became  defined;  although,  to  the  writer,  it  seems 
probable  that  at  one  time  this  plateau  or  axis  was  thus  covered 
by  ice  in  all  its  length  and  that  this  ice  moved  down  from  higher 
to  lower  levels  in  conformity  with  the  normal  slope  in  all  direc- 
tions. 

A  second  assumption  (to  which,  however,  several  writers  on 
this  subject  besides  Mr.  Tyrrell  have  given  credence)  is  that 
implied  in  the  suggested  passage  of  glacier-ice  originating  in  the 
Labrador  region  across  the  watershed  to  the  north  of  the  Great 
Lakes.  The  actual  evidence  on  this  point  appears  to  the  writer 
to  be  slight  and  inconclusive  in  its  nature.  Our  knowledge  of 
the  rocks  of  the  great  region  involved  is,  it  is  believed,  insuffi- 
cient to  prove  that  any  erratics  from  the  basin  of  Hudson  Bay 
have  actually  crossed  this  watershed  to  the  south  or  southwest. 
Nor  can  the  observed  directions  of  striation  be  taken  as 
definitely    indicating  ice-movement   in  a   southerly  sense  in  all 


c^<^.%,  if,r  ^t  thf:  •;m<*  of  ooHer; atioa  of  manv  of  these,  it  cannot 
F/^.  ^lo'ihtnd  that  ^  ^o'itheriv  rather  than  a  northerly  motion  was 
n;^t«ir;3illy  a^siim-^ri.  in  con:ie^jucnce  of  hypotheses  then  unques- 
UffXxfA,  ^nd  Without  the  critical  examination  called  for  in  view  of 
U'4^r  flhcrfVf:rici.  yto  ^tt^t  an  extension  of  an  ice-sheet  origi- 
nating on  the  I^hrarfor  peninsula,  is  all  the  more  doubtful  in  the 
lijfht  of  Mr.  ChalmerS  i n vest ig^at ions,  which  show  that  no  glacier- 
ice  from  the  northward  crossed  the  hii^hlands  to  the  south  of  the 
St.  I^wrence  below  Quebec.  These  highlands  developed  in 
New  Brunnwick  and  northern  Maine,  an  independent  center  of 
dispersion,  which  Mr.  Chalmers  suggests  may  be  referred  to  as 
the  Appalachian  system  of  glaciers  or  the  Appalachian  glacier.' 
If,  therefore,  we  may  admit  the  existence  of  a  Laurentide  glacier 
of  early  date  and  such  as  to  envelop  the  whole  Laurentian 
plateau,  the  Keewatin  glacier  of  Mr.  Tyrrell,  with  that  which 
may  be  named  the  Labradorian  glacier,'  as  known  to  us  by  Mr. 
Low's  work,  may  be  regarded  as  relatively  local  (although  still 
very  important)  centers  of  dispersion  connected  with  a  dimin- 
ishing stage  of  the  glacial  period.  In  this  case  the  overriding 
of  the  area  at  one  time  covered  by  the  southward  extension  of 
the  Keewatin  glacier  by  ice  from  the  eastward  (as  demonstrated 
by  Mr.  Tyrrell)  may  be  attributed  merely  to  a  still  later  reex- 
tcnsion,  due  to  climatic  changes,  of  that  part  of  the  Lauren- 
tide  glacier  situated  to  the  east  of  Lake  Winnipeg.  If,  on  the 
other  hand,  it  should  ultimately  be  shown  that  no  continuous 
icc-shcct  ever  covered  the  entire  length  of  the  Laurentian  pla- 
teau, the  several  great  glacier  masses  actually  known  to  have 
been  developed  upon  these  highlands  may  still  be  appropriately 
considered  as  constituting  together  a  Laurentide  group,  as 
distinguished  from  the  great  western  Cordilleran  ice-mass. 

In  the  case  of  the  Keewatin  and  in  that  of  the  Labradorean 
glacier,  it  has  been  shown  by  Messrs.  Tyrrell  and  Low  that  the 
centers  of  dispersion  changed,  giving  rise  to  superposed  series 
of  striations,  and  it  appears  probable  that  in  the  study  of   this 

•  American  Cieologist,  Vol.  VI  (1890),  p.  325. 

-•  This  has,  I  believe,  already  been  proposed  by  Mr.  F.  B.  Taylor. 
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migration  of  gathering-grounds  of  glacier-ice  on  the  Laurentian 
highlands,  the  explanation  of  many  otherwise  anomalous  circum- 
stances will  yet  be  found.  Any  inquiry  into  the  causes  of  such 
migration  opens  a  wide  field  of  discussion,  including  particularly 
meteorological  and  possibly  changed  orographical  conditions. 
Other  things  being  equal,  it  is  obvious  that  the  places  in  which 
the  accumulation  of  glacier-ice  began  would  also  in  all  proba- 
bility be  those  where  the  last  centers  of  its  dispersion  continued 
longest  and  ultimately  failed.  It  is  very  important  to  trace  the 
migration  of  these  centers  from  which  the  ice  flowed,  and  if 
possible  to  ascertain  the  conditions  which,  in  all  probability, 
may  have  interfered  with  the  coincidence  of  the  initial  radiant 
areas  and  those  marking  the  close  of  the  epoch  of  glaciation. 

G.  M.  D. 
*♦* 
It  would  appear  from  the  papers  of  Professors  Tarr  and 
Barton  read  at  the  recent  meeting  of  the  Geological  Society  at 
Washington,  abstracts  of  which  appear  in  this  number  of  the 
Journal,  that  Professor  Salisbury  and  myself  must  have  invited 
misinterpretation  of  our  views  respecting  the  former  extension 
of  the  inland  ice-sheet  of  Greenland  by  infelicities  of  expression 
not  altogether  evident  to  us.  What  we  have  thus  far  published 
has  consisted,  in  the  main,  of  brief  statements  intended  rather 
to  show  the  bearing  of  the  topography  of  the  coast  upon  the 
larger  questions  of  glacial  prevalence  than  to  indicate  the  precise 
local  extension  of  the  ice.  In  the  series  of  papers  entitled 
*' Glacial  Studies  in  Greenland'  (not  yet  complete,  having  been 
interrupted  to  give  earlier  place  to  contributions  awaiting  pub- 
lication), the  specific  subject  of  former  glacial  extension  has  not 
yet  been  reached.  When  it  shall  be,  however,  we  shall  not  wish 
to  be  understood  as  attempting  to  map  the  precise  limit  of  former 
glaciation  on  the  thousand  miles  of  borderland  along  which  we 
coasted,  but  merely  as  endeavoring  to  indicate  its  general  limita- 
tions. We  believe,  neverthless,  that  our  observations  and  infer- 
ences are  thoroughly  trustworthy  in  the  general  sense  in  which 
thev  are  intended  to  be  received,  and  that  they  are  decisive  in 
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their  bearing  upon  two  general  hypotheses  of  wide  interest ;  the 
one,  that  the  ice-cap  of  Greenland  formerly  stretched  across 
Baffins  Bay  and  Davis  Strait  and  became  the  source  of  the  main- 
land  ice-sheet ;  the  other,  that,  in  a  former  supposed  state  of 
elevation,  the  ice-cap  pushed  out  into  the  heart  of  Baffins  Bay 
or  into  the  Atlantic  until  it  reached  adequate  conditions  of  wast- 
age by  flotation  or  by  low-level  extension.  In  either  case,  the 
borderland  of  Greenland  must,  presumably,  have  been  effect- 
ively glaciated  for  a  long  period,  and  should  manifest  this  in  the 
subjugation  of  its  topographic  contours.  In  its  bearings  upon 
these  general  problems,  an  advance  of  a  few  miles,  more  or  less, 
an  ineffectual  overtopping  of  a  few  heights,  more  or  less,  are 
relatively  inconsequential.  Our  language  is  to  be  interpreted  in 
the  light  of  the  major  questions  whose  solution  we  sought. 

There  does  not  appear,  however,  to  be  any  essential  lack  of 
harmony  between  the  data  of  Professors  Barton  and  Tarr  and 
the  interpretations  of  Professor  Salisbury  and  myself,  unless 
it  be  in  relatively  unimportant  details.  Professor  Salisbury  makes 
the  following  statement  relative  to  the  region  (this  Journal, 
Vol.   III.,  pp.  876-7): 

On  the  whole,  judging  from  topography  alone,  it  seemed  more  probable 
that  the  coast  from  about  latitude  70^  north  to  the  end  of  the  Nugsuak  penin- 
sula [the  southern  one]  had  not  been  recently  smothered  in  ice,  though  it  is 
well  possible  that  the  ice-cap  may  have  once  extended  beyond  its  present 
limits,  and  that  isolated  glaciers  occupied  the  valleys  leading  down  to  the  sea. 
The  northwest  end  of  the  peninsula  bears  the  marks  of  the  passage  of  ice 
over  a  considerable  part  of  the  coastal  front.  North  of  Nugsuak  peninsula, 
and  from  that  point  to  the  south  side  of  Melville  Bay,  the  topography  of  the 
coast,  so  far  as  seen,  indicated  general,  though  not  universal,  glaciation. 
Thus  the  southwestern  end  of  Svarten  Huk  peninsula  (71 '  30)  has  a  topog- 
raphy denoting  the  absence  of  glaciation. 

This  embraces  both  of  the  districts  in  question. 

Relative  to  the  region  of  Professor  Barton's  studies,  I  made 
the  following  (unpublished)  note  on  July  18,  1894,  at  the  con- 
clusion of  detailed  notes  on  Hare  island,  the  Nugsuak  peninsula, 
(the  one  south  of  Umanak  fiord),  Ubekyendt  and  Upernivik 
islands,  Svarten  Huk  peninsula,  and  Disco  Island : 
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I  infer  that  the  inland  ice  once  pushed  out  into  Baf!ins  Bay  through  the 
Waigat  and  through  Umanak  fiord  and  overlapped  the  adjacent  lands,  but  did 
not  overtop  the  highest  parts  of  Disco,  Upernivik  and  Ubekyendt  islands  and 
Svarten  Huk  peninsula.  The  ice  border  rose  2000  feet  above  the  present  sea 
surface,  but  probably  not  3000  feet  on  the  coastal  line,  quite  certainly  not 
4000  or  5000  feet.  I  have  traced  on  the  chart  a  theoretical  outline  of  the 
farthest  ice.  This  of  course  does  not  include  local  ice  on  the  uncovered  land. 
It,  on  the  contrary,  presumes  it. 

This  hypothetical  line  starts  with  the  northwestern  part  of 
Disco  Island  and  swings  outside  of  Hare  island  and  some  distance 
off  the  extremity  of  Nugsuak  peninsula,  touches  the  outer  side 
of  Ubekyendt  Island,  and  thence  connects  with  the  southern 
portion  of  Svarten  Huk  peninsula.  The  outer  curve  of  this  line 
is  sixty  miles  away  from  the  present  border  of  the  inland  ice  and 
embraces  the  entire  territory  of  Professor  Barton's  special  studies, 
as  I  understand  them. 

I  have  no  notes  on  the  northern  Nugsuak  peninsula  which 
was  the  special  field  of  Professor  Tarr's  studies,  the  Falcon  hav- 
ing turned  away  from  the  coast  somewhat  south  of  it  to  attempt 
the  ** middle  passage"  of  Melville  Bay,  and,  failing  in  this, 
returned  to  the  vicinity  of  the  coast  a  little  north  of  the 
peninsula.  On  the  region  next  south  I  made  the  following  note 
on  July  19 : 

With  the  exception  of  Sanderson's  Hope  and  a  few  other  prominences 
south  of  it,  the  whole  region  shows  rounded  contours,  so  far  as  seen.  The 
small  islands  are  well-rounded  domes  of  rock  that  appear  entirely  bare. 
I  could  not  detect  any  bowlders  or  other  debris  upon  them.  They  are  simple 
roches  moutontUes,  but  not  strikingly  typical  as  such.  The  reduction  has  not 
completely  subordinated  them  to  glacial  types.  I  have  no  doubt  the  ice 
pushed  out  well  into  the  bay  here.  Some  of  the  higher  peaks  may  have 
remained  as  nunataks. 

These  small  islands  are  rather  farther  away  from  the  edge  of 
the  inland  ice  than  the  similar  ones  described  by  Professor  Tarr. 

It  appears,  therefore,  that  we  explicity  recognized  predom- 
inant glaciation  reaching  out  from  30  to  60  miles,  and  trespass- 
ing on  the  borders  of  Baffins  Bay,  and  that  we  excepted  only 
some  of  the  higher  points.  It  is  only  by  demonstrating  that 
these  were  submerged  by  the  inland  ice  that  any  notably  greater 
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extension  z^t,.  bre  e^rabl;=hed.  2ltA  I'r.t  zr.jsi  :>z  these  j»:ni5  were 
not  visited  bv  th-::  members  of  :he  recent  expedition,  nor  were 
comparable  heights  of  like  sit-ation  near  the  coast  line  studied. 
Sanderv^n'-j  Hope  is  charted  as  34^7  feet:  a  j>3:rt  on  Svarten 
Huk  peninsjia.  as  ;2;s;  a  point  on  Discj  Island  as  51  lo.  and 
man%'  other  points  ran^e  from  330s  feet  -pwards.  At  most, 
therefore,  the  differences  between  us  are  merely  matters  of 
minor  detail  so  far  as  observational  determinations  are  con- 
cerned. 

This  advance  of  30  to  6g  miles  seemed  to  one  party  to  call 
for  expressions  of  amplitude,  to  the  other,  instinctively  making 
comparison  with  the  many  hundreds  of  miles  oi  ice  invasion  of 
the  mainland,  to  call  for  diminutives.  Here  is,  indeed,  a  wide 
psycliological  difference,  and  we  can  contribute  nothing  to  mini- 
mize this  difference.  Under  the  widest  permissible  interpreta- 
tion of  the  facts  as  seen  by  either  party  the  advance  seems  to  us 
emphatically  small,  and  very  significant  in  its  smallness. 

The  reliefs  of  the  region  seemed  to  the  earlier  partv  to 
belong  to  the  semi-subdued  type.  The  later  party  appear  to 
have  sup|X)sed  them  to  represent  the  unsubdued  type  of  the  ear- 
lier party.  The  determinations  of  the  later  party  are,  however, 
in  close  accord  with  the  classification  of  the  earlier  party. 

It  is  possible  that  Professors  Tarr  and  Barton  unconsciously 
transferred  to  this  region  our  rather  emphatic  descriptions  of 
certain  markedlv  serrate  tracts  farther  south,  and  of  certain 
ragged  islands  lying  to  the  north,  e.g.,  Dalrymple  Island  (figured 
in  this  Journal,  Vol.  II,  p.  661  j,  and  Cone  Island  I  Fig.  i..  Vol. 
HI.,  p.  772).  As  indicated  above,  we  did  not  class  the  topog- 
raphy of  the  region  in  question  under  the  markedly  ragged 
and  serrate  type  but  under  an  intermediate  one  of  partial  sub- 
jugation. The  figures  referred  to  illustrate  our  standard  of  the 
former  class.  The  courteous  suggestion  that  the  differences  of 
interpretation  were  due  to  our  point  of  view  on  the  leeside  of 
the  prominences  is  inapplicable  to  the  important  case  of  Disco 
Island,  for  Professor  Salisbury  passed  on  the  stoss  side.  It  is 
only  measurably  applicable  to  the   rest  of  the  territory,  as  the 
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oblique  views  of  approach  and   retreat  gave  traversing  lines  of 
vision  that  partially  reached  the  stoss  contours. 

This  rather  extended  note  has  its  purpose  in  a  desire  to  make 
clear  the  narrow  limits  of  such  differences  of  observation  as 
may  exist  and  to  show  that  the  two  main  questions  of  general 
interest  are  essentially  unaffected  by  them.  Glacialists  may  feel 
sure  that  the  conclusions  derived  from  the  topographic  study  of 
a  thousand  miles  of  the  coast,  even  though  cursory,  and  limited 
bv  conditions,  will  be  found  decisive  on  the  main  issues. 

T.  C.  C. 
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Manual  of  Determinative  Mineralogy,  with  an  Introduction  on  Blow- 
pipe Afia  lysis.     By  George  J.  Brush.     Revised  and  enlarged 
by  Samuel   L.   Penfield.     New  York :  John  Wiley  &  Sons, 
1896. 

Since  its  first  appearance  in  1874,  Inrush.'' s  Determinative  Mineralogy 
and  Blowpipe  Analysis  has  filled  the  demand  for  a  text-book  in  this 
science  almost  to  the  exclusion  of  others.  The  tables,  especially, 
proved  to  furnish  an  exceptionally  ready  and  accurate  means  of  iden- 
tifying mineral  species.  The  use  of  the  book  has  of  late  years,  how- 
ever, been  confined  largely  to  the  tables,  since  its  opening  chapters, 
while  valuable  for  reference,  were  hardly  adapted  for  class  instruction, 
if,  indeed,  they  were  intended  to  be  so  used.  This  lack  in  the  book 
Professor  Penfield  has  most  satisfactorily  filled  in  the  new  form  in 
which  he  now  presents  it.  In  its  present  forui  it  furnishes  not  only  a 
complete  text-book  for  class  use,  but  also  a  work  which  should  enable 
even  the  novice  without  further  aid  to  gain  a  practical  knowledge  of 
determinative  mineralogy. 

Opening  with  a  statement  of  the  chemical  principles  especially 
applicable  to  mineralogy,  for  the  author  remarks  that  mineralogy  is 
chiefly  a  chemical  science,  the  next  chapter  treats,  with  excellent  illus- 
trations, of  the  apparatus  and  reagents  to  be  employed  and  of  the  nature 
and  uses  of  flames.  Several  new  experiments  incorporated  here  add 
much  to  the  value  and  interest  of  the  chapter. 

In  the  following  chapter  the  reactions  of  the  elements,  arranged  in 
alphabetical  order,  are  given  with  great  fullness,  while  carefully  described 
experiments  show  how  many  of  the  typical  reactions  can  be  obtained. 
Every  detail  is  here  given  with  a  care  and  precision  that  might  at  first 
sight  seem  superfluous,  but  the  necessity  for  each,  Professor  Penfield, 
it  may  be  believed,  has  fully  proved  in  his  long  experience  as  a 
teacher  of  the  subject.  The  student  will  at  least  be  impressed  with  the 
need  of  care  and  accuracy  in  making  the  tests  and  will   not   be  led  to 
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expect  satisfactory  results  if  they  are  not  so  performed.  If  there  be 
any  criticism  to  be  made  of  this  portion  of  the  work  it  is  to  wish  that 
more  mention  had  been  made  of  possible  interfering  elements,  for  the 
field  mineralogist  rarely  has  cabinet  specimens  to  deal  with. 

In  the  next  chapter  the  blowpipe  and  chemical  reactions  are  tabu- 
lated in  a  form  which  will  be  recognized  as  a  distinct  improvement  on 
those  of  the  earlier  book.  The  tables  are  models  of  clearness  and  com- 
pleteness. With  an  introduction  to  the  use  of  the  tables,  the  revised 
portion  of  the  work  closes,  but  promise  is  made  of  an  early  revision  of 
the  tables,  including  the  introduction  of  new  species  and  many  changes 
and  corrections  in  the  chemical  formulae.  To  express  the  hope,  which 
will  be  general,  that  this  promise  may  soon  be  fulfilled,  is  to  bestow 
the  highest  praise  on  the  work  which  has  been  already  done. 

O.  C.  Farrington. 


The  Dinosaurs  of  North  America.  By  Othniel  Charles  Marsh. 
Sixteenth  Annual  Report  of  the  United  States  Geological 
Survey,  Part  I,  pp.  133-414. 

Under  this  title  Professor  Marsh  has  published,  in  an  article  of  loi 
pages  of  text,  a  r^sum^  of  his  long  series  of  papers  on  the  Dinosauria 
of  North  America.  Intended  as  it  is  for  the  general  reader,  there  are 
few  new  facts  brought  out,  and  the  specialist  finds  little  of  value  to 
himself  beyond  the  convenience  of  a  condensed  statement  of  Professor 
Marsh's  views,  and  the  large  collection  of  illustrations  which  form  so 
important  a  part  of  the  paper.  There  are  eighty-four  plates  and  sixty- 
six  figures  in  the  text.  Most  of  the  plates  are  familiar  to  the  readers  of 
the  American  Journal  of  Science,  as  they  are  enlarged  copies  of  the 
ones  accompanying  the  author's  papers  in  that  journal. 

The  author's  aim  is  "  to  give  the  general  reader  a  clear  idea  of  some 
of  the  type  specimens  of  one  great  group  of  extinct  animals  that  were 
long  the  dominant  forms  of  life  in  this  continent."  Of  especial  interest 
to  such  a  class  must  be  the  restorations  attempted  by  Professor  Marsh,  and 
it  is  well  to  issue  a  warning  against  receiving  as  entirely  accurate 
restorations  which,  made  in  many  cases  from  incomplete  material,  can 
only  represent  the  author's  idea  of  the  most  probable  form  of  the 
skeleton.  In  the  same  spirit  of  warning  we  must  call  attention  to  the 
statement  that  **  the  best  authorities  regard  them  (the  Dinosauria)  as 
constituting   a   distinct  subclass  of   Reptilia;"    indeed,  it  should   be 
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remembered  that  some  of  the  "best  authorities"  are  among  those  who 
assert  "that  these  reptiles  do  not  form  a  natural  group,  but  belong  to 
divisions  remotely  connected  and  not  derived  from  a  common  stock." 
It  is,  to  say  the  least,  a  very  open  question  whether  the  groups  defined 
as  the  orders  Theropoda^  Sauropoda,  and  Predentata  are  not  distinct  and 
unrelated. 

The  Dinosaurs  are  discussed  in  the  order  of  their  appearance  in 
time.  The  Triassic  Dinosaurs  come  under  Part  I  and  are  followed  by 
the  Jurassic  and  Cretaceous  forms  in  Parts  II  and  III.  These  parts 
are  confined  to  descriptions  of  the  anatomical  characters  of  the  various 
forms  and  their  distributions.  The  author  discusses  briefly  in  this 
connection  the  European  forms  and  their  relations  to  the  North 
American  forms.  • 

Part  IV  is  taken  up  with  a  general  discussion  of  the  relationship  of 
the  Dinosauria  to  the  Aetosauria,  Crocodilia,  Belodontia,  and  Aves,  to 
all  of  which  groups  he  finds  many  points  of  similarity. 

Part  V  is  devoted  entirely  to  a  classification  of  the  group  which  he 
regards  as  a  distinct  subclass  Dinosauria^  with  three  orders  Thfropoda, 
Sauropoda,  and  Predentata.  The  order  Theropoda  contains  ten  fami- 
lies and  the  four  suborders  Cwluria,  Compsognatha,  Ceratosauria,  and 
Hallopoda.  The  order  Sauropoda  contains  six  families  and  no  subor- 
ders. The  order /ye*^<f///<z/tf  contains  eleven  families  and  the  suborders 
S/egosauria,  Ceratopsia,  and  Ornithopoda. 

Professor  Marsh  has  retained  the  opinions  which  he  has  expressed 
in  his  former  publications  on  the  same  subject,  many  of  which  have 
been  criticised  and  controverted  in  current  scientific  literature,  so  that, 
while  the  work  will  find  its  chief,  and  a  great  value,  to  the  reader  who 
has  not  access  to  scientific  periodicals,  he  must  not  lose  sight  of  the 
fact  that  the  taxonomic  position  of  the  animals  comprising  the  hetero- 
geneous group  called  Dinosaurs  is  still  an  unsettled  question. 

£.  C  C^. 
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PAPERS  READ  AT  THE  WASHINGTON  MEETING  OF  THE 
GEOLOGICAL  SOCIETY  OF  AMERICA. 

Glacial  Observations  in  the  Umanak  District,  Greenland.     By  Geo.  H. 
Barton. 

A  party  consisting  of  six  persons  under  the  direction  of  Professor 
Alfred  E.  Burton,  of  the  Massachusetts  Institute  of  Technology,  was 
landed  by  the  Sixth  Peary  Expedition  at  the  village  of  Umanak,  Lat. 
70°  30',  on  an  island  in  Umanak  fiord,  August  5,  1896.  On  Septem- 
ber 9  the  party  was  again  taken  on  board  for  the  return  home. 
Between  these  dates  observations  were  carried  on  upon  the  marginal 
area  of  the  continental  ice-cap  to  a  distance  of  fifteen  miles  inland, 
and  upon  the  glacial  tongues  passing  down  from  the  ice-cap  by  the 
various  valleys  leading  into  the  Karajak  and  Itivdliarsuk  fiords. 

The  region  of  the  Umanak  District  was  selected  for  investigation 
because  of  the  facilities  offered  for  much  to  be  seen  in  the  short  time 
at  the  disposal  of  the  party.  Easy  access  to  the  edge  of  the  inland 
ice  by  means  of  the  larger  fiords,  the  many  glaciers  large  and  small 
descending  near  or  into  the  waters  of  the  fiords,  the  great  number  of 
icebergs  constantly  passing  out  into  the  open  waters  of  Baffin's  Bay, 
and  finally  the  fact  that  this  region  had  not  been  visited  by  Ameri- 
cans, caused  the  selection. 

Access  to  the  surface  of  the  inland  ice  was  obtained  from  the 
nunatak  lying  between  the  Greater  and  Smaller  Karajak  glaciers. 
Considerable  difficulty  was  encountered  in  getting  upon  the  surface 
owing  to  the  precipitous,  generally  vertical,  sometimes  overhanging 
character  of  the  edge,  rising  from  ten  to  forty  feet.  In  only  three 
places  for  a  distance  of  over  twenty  miles  did  the  edge  present  an 
inclined  surface  sufficiently  gentle  in  slope  to  allow  of  ascent  or 
descent. 

In  attempting  to  pass  inland  upon  the  ice  the  crevassing  of  the 
Greater  Karajak  glacier  was  found  to  extend  far  backward  so  that  our 
course  had  to  be  deflected  for  several  miles  and  finally  to  pass  along 
the  neutral  ground  between  the  two  Karajaks.     The  elevation  of  the 

89 


\ir  ^ttthf*^  ffitt'f*-  Uti,^  rf::t/\t*:f\  **fH*,  ^honT  is^c  fcet  above  £ea  level, 
vvhiU'  '/'If  riftK/T^-if  p//ifif  inLin/^l  wra.H  aF/^>'it  2'>5o  feet  in  elevation. 

I'/zf  .1  tiiAf.tu^f.  iti  ;iboiit  fv«ro  rnile'^  the  surface  of  the  ice  is  ven- 
f/Mi|/l»,  /'iri^»j;Mrii/  of  ;i  ^^ri/:^  of  billowH,  very  much  like  a  frozen  short, 
ihit\t\ty  *^»i  Ovr  thii;  if  w;ih  very  rlifficult  to  draj^  the  sledge  which 
Mfhot/intly  iijivt  This*  ;irr;i  w;ih  alno  full  of  dust  holes  from  the  size 
ii\  M  \t*'W  il  t';  thr'*''  f«vTt  in  di;imcter  and  an  average  depth  of  about  two 
U'vS  I  hr^r  wt^rr  filird  nearly  to  the  »urfar;e  with  water  and  had  a 
liiyM  of  diut  in  thr  bottom,  ;in  inch  or  two  in  thickness. 

hryoiMl  thm  wr  |i;i«»Hr(l  tfiroiigh  a  rrevassed  area  for  two  or  three 
Miili'-^  iitifl  thru  (;iiiir  to  ii  broadly  rolling,  undulating  area  which 
piMtilii'il  tiw.iy  .n  f;ii  ;i,h  ihr  rye  could  reach  looking  like  the  Anieri- 
I  fin  (iiiiliirn  III  vvinlri.  Thr  surface  here  was  hard  and  crisp  so  that 
WiiUlliH  Will  vri  y  r;r4y. 

( iiir  hikr  vvii'i  •»rrn  with  several  small  streams  flowing  into  it  and 
MiM  IriiK*'  MtieiHii  llnwin^  from  it  toward  the  land.  Small  streams 
wiir  Mimtiintlv  encountered  except  in  the  crevassed  area  all  flowing 
iMWitiil  the  idiul  oi  tovviud  the  lake.  One  large  stream,  twenty  to 
Ihlitv  leet  lUioHM.  and  twenty  to  twonly-five  feet  deep,  including  five 
tirt  mI  watei,  was  touiul  at  the  farthest  point  reached  flowing  directly 
'\\\i\\  lioin  the  land  towaid  the  interior. 

No  detntu'.  was  lound  on  the  inland  ice  except  the  dust  in  the 
\\\\i\  hole  aiea  OutMile  ol  this  area  the  water  of  the  streams  was  clear 
Old  then  *  hamu'U  slun\ed  \»nlv  clear  ico. 

I  he  t\N\»  impoiiaut  v^lacieis  studied  wore  the  Greater  Karajak  and 
\\w  Ui\\lbai>uk  ^lavieiN  The  tiist  \>t  those  has  a  width  of  abou:  rive 
Moh -^  \h\l  .^  U*n»:th  \»t  Iumu  tet\  to  tjltocn  miles  from  the  ed^e  of  :he 
ud  out  uo  u*  th^*  xxatv^i^  K»t  the  t*u^:d  at  its  frontal  face,  but  :he  crevi*- 
»o\i«  N»l  Un  \\oieut  pa^sON  ba\kx\a:d  se\e:al  :v.:lo<  in:o  :he  :v.a5<  -n'  :he 
od  o\sl  »\\*  ri\x-  x'toxat.ov,  o;  ;ho  >v.!;a\e  v'*!  the  c'-ic:er  as  ::  nrs:  *eave> 
^hv  u',  o<'-'  ^''  '**n'  it'.*.;».ui  ',vv  s  a:M:::  15CC  tvVi  above  sea  .evel  wb  * 
\iMs\','\    t*,  -^x  fo".;i*  ;  ixv  •;  -N  .i>o;::  n^^o  r^*^*:       Ths  ^.ve^  a^rad  ec:  ::" 

^^    '   ■•  '  >n"."^      '    .  ■*•    nV   r,  .  'x  V.'    *.  ■••k    ,--\:  :>.r  ;  ;x:-'i  .1;.  :~s  vtr^  iiaoi. 
."    >v    '*-'.    x'/  V  *^  t>    '  /••    '^  ^    ^"        ../<:-•;;.-        A:  i  i  >-?-:.'•  .-^   :•" 
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peculiarly  shaped  pinnacle  furnished  a  point  of  observation.  This 
was  found  to  move  during  the  same  time  a  distance  of  236  feet  or 
about  19  feet  per  day. 

This  was  the  only  case  in  which  the  actual  rate  of  motion  was 
determined.  The  Itivdliarsuk,  three  miles  in  width,  was  crevassed 
completely  to  the  shore  margin  so  that  it  could  not  be  traversed 
with  any  safety,  and  no  attempt  was  made  to  determine  the  rate  of  the 
smaller  ones.  Neither  of  these  large  glaciers  carry  any  detritus  either 
superglacial  or  englacial,  except  in  the  case  of  the  Itivdliarsuk.  Small 
nunataks  near  its  source  furnish  two  medial  moraines  which  can  be 
traced  nearly  throughout  its  length  on  the  surface  but  are  largely 
incorporated  as  englacial  material  before  reaching  the  terminus. 
The  edge  of  the  larger  glaciers  like  that  of  the  inland  ice  is  almost 
always  nearly  vertical  with  a  height  of  from  ten  to  forty.  The  struc- 
ture is  distinctly  banded  usually,  apparently  due  to  a  shearing  of  the 
upper  portions  over  the  under  from  the  central  portions  of  the  stream 
shoreward,  the  layers  being  inclined  away  from  the  shore. 

Lateral  streams  flowing  along  the  margin  often  cut  caverns  into  the 
ice  by  means  of  which  opportunity  is  furnished  to  study  subglacial 
action.  Small  bowlders  caught  between  larger  ones  or  between  a 
larger  one  and  a  projecting  ledge  are  often  broken  into  small  frag- 
ments or  ground  to  powder.  In  the  case  of  rapid  motion  of  the  ice, 
distinct  vacant  spaces  are  left  between  the  lee  of  a  boss  of  rock  and  the 
ice.  but  where  the  motion  is  slow  the  ice  is  kept  pressed  against  the  lee 
side  of  the  boss  taking  on  a  fanlike  structure  as  it  is  pressed  downward. 
Lateral  moraines  along  the  sides  of  the  glaciers  are  always  present. 
They  consist  of  a  mixture  of  angular,  subangular  and  rounded  frag- 
ments, usually  with  considerable  sand  and  a  little  clay,  and  occasionally 
largely  made  up  almost  entirely  of  till-like  material. 

P'rom  the  edge  of  the  inland  ice  and  also  from  the  detached  ice- 
taps  of  the  Nugsuak  peninsula  a  large  number  of  smaller  glaciers 
descend  the  more  or  less  narrow  gorges,  some  reaching  sea  level  and 
discharging  icebergs,  but  the  majority  terminating  from  100  to  1000 
feet  above  the  sea.  The  gradient  of  descent  varies  strongly  in  the 
various  ones.  In  some  it  is  very  steep,  in  some  very  gentle,  while  many 
have  a  great  change  in  various  portions  of  their  own  length. 

With  two  exceptions  all  the  glaciers  show  evidence  of  diminu- 
tion in  len  ^th  and  depth,  in  older  terminal  moraines  and  glaciated 
surfaces  farther  down  the  valleys  and  older  lateral  moraines  higher  up 
the  sides. 
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The  two  exceptions,  near  Sermiarsut  on  the  Nugsuak  peninsula 
seem  to  be  overriding  terminal  moraines  of  not  great  age  but  these 
were  seen  toward  the  last  of  my  work  and  were  not  carefully  studied. 

Everywhere  throughout  the  regions  visited  there  is  evidence  of  the 
former  greater  extension  of  the  inland  ice,  it  having  covered  all  the 
highest  peaks,  passed  out  over  the  ends  of  the  promontories,  filling 
the  fiords  and  passing  into  the  waters  of  Baffin's  Bay.' 

The  peaks  which  present  sharp  serrated  edges  toward  Baffin's  Bay 
are  distinctly  rounded  on  the  sides  toward  the  inland  ice;  the  highest 
points  visited  show  abundant  roche  moutonn^e  forms,  and  everywhere 
erratics  are  freely  scattered. 

The  Origin  atid  Relations  of  the  Grenville  and  Hastings  Series  in  the 
Canadian  Lauren tian.  By  Frank  D.  Adams  and  Alfred  E. 
Barlow,  with  observations  by  R.  W.  Ells.^ 

This  paper  may  be  regarded  as  a  continuation  of  two  former  papers^ 
by  Adams,  treating  of  the  Laurentian  of  Canada  and  presenting  the 
results  of  further  work.  It  deals  more  especially  with  the  probable 
origin  of  the  Grenville  series  in  the  light  of  recent  studies  by  the 
authors  of  a  very^  large  Laurentian  area  in  central  Ontario,  along  the 
margin  of  the  protaxis  and  north  of  Lake  Ontario. 

The  northwestern  portion  of  the  district  in  question  is  underlain 
by  the  Fundamental  Gneiss,  which  is  believed  to  form  part  of  the 
original  crust  of  the  earth  and  to  be  of  igneous  origin.  The  south- 
eastern portion  is  occupied  chiefly  by  the  thinly  bedded  calcareous 
rock  of  the  Hastings  series,  a  series  of  undoubtedly  sedimentary  ori- 
gin, but  of  unknown  age,  separated,  however  by  a  long  erosion  inter- 
val from  the  overlying  Cambro-Silurian,  and  having  certain  petro- 
graphical  resemblances  to  the  Huronian  of  the  typical  area  north  of 
Lake  Huron.  Between  these  two  series  of  rocks  is  an  irregular  belt 
of  the  Grenville  series,  identical  in  all  respects  with  that  of  the  original 
Grenville  area  in  the  province  of  Quebec.  The  character  of  these 
several  series  is  described  and  their  resemblances  and  points  of  differ- 
ence indicated. 

'See  paper  by  writer  in  American  Geologist,  Vol.  XVIII,  pp.  379-384,  1896. 
^The  paper  appears  in  the  American  Journal  of  Science  for  March  1897. 

3Ueber  das  oder  Ober  Laurentian  in  Canada.  Neues  Jahrbuch  fiir  Mineralogie. 
Beil.  Bd.  VIII,  1893. 

A  Further  Contribution  to  our  Knowledge  of  the  Laurentian. — Am.  Jour.  Sci., 
July  1895. 
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The  Grenville  series  differs  from  the  Fundamental  Gneiss  in  that 
it  contains  certain  rocks  whose  composition  marks  them  as  highly 
altered  sediments.  These  rocks  are  in  part  limestones  and  in  part 
certain  peculiar  gneisses,  rich  in  sillimanite  and  garnet,  having  the 
composition  of  shales,  or  very  rich  in  quartz  and  passing  into  quart- 
zite,  having  thus  the  composition  of  sandstones.  These  rocks,  as  has 
been  shown  in  one  of  the  papers  above  referred  to,  usually  occur  in 
close  association  with  one  another,  and  are  quite  different  in  composi- 
tion from  any  igneous  rocks  hitherto  described.  These  rocks  it  is 
which  are  considered  as  characterizing  the  Grenville  series.  They 
ujiually,  however,  form  but  a  very  small  proportion  of  the  rocky  com- 
plex of  the  areas  in  which  they  occur,  and  which,  owing  to  their  pres- 
ence, are  referred  to  the  Grenville  series.  They  are  associated  with, 
and  often  enclosed  by,  much  greater  volumes  of  gneisses  and  amphi- 
bolitic  rocks,  identical  in  character  with  those  of  the  Fundamental 
Gneiss.  The  limestones  are  also  almost  invariably  penetrated  by  great 
masses  of  coarse  pegmatite,  and  in  some  cases  large  bodies  of  the 
limestone  are  found  imbedded  in  what  would  otherwise  be  supposed 
to  be  the  Fundamental  Gneiss.  The  whole  thus  presents  the  character 
of  a  series  of  sedimentary  rocks,  chiefly  limestones  invaded  by  great 
masses  of  the  Fundamental  Gneiss,  and  in  which  possibly  some  varie- 
ties of  the  gneisses  present  may  owe  their  origin  to  a  partial  admixture 
of  sedimentary  material  with  the  igneous  rocks  by  actual  fusion.  There 
is,  however,  no  reason  to  believe,  from  the  evidence  at  present  avail- 
able, that  any  considerable  proportion  of  the  series  has  originated  in 
the  last  mentioned  manner. 

From  the  relations  of  the  several  series,  as  displayed  in  central 
Ontario,  it  is  believed  that  the  sedimentary  portion  of  the  Grenville 
series  is  but  a  modified  part  of  the  Hastings  series,  that  in  fact  the 
present  relations  of  the  Grenville  series  are  due  to  a  commingling  of 
portions  of  the  Hastings  series  with  the  Fundamental  Gneiss  along 
their  line  or  zone  of  contact.  The  Fundamental  Gneiss  upon  which 
the  Hastings  series  was  originally  laid  down  having  at  a  subsequent 
time  been  softened  by  the  influence  of  heat,  and  having  under  the 
influence  of  dynamic  action  eaten  into  and  fretted  away  the  overlying 
Hastings  series,  giving  rise  to  an  intermediate  zone  of  mixed  rocks 
which  constitutes  the  Grenville  series.  The  relations  of  the  two  series 
being  thus  very  similar  to  that  shown  by  Lawson  and  Barlow  to  exist 
between  the  Huronian  and  the  Fundamental  Gneiss  in  the  districts 
about  Lake  Superior  and  Lake  Huron. 
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The  appended  remarks  by  Dr.  Ells  deal  with  the  district  to  the 
east  and  northeast  of  that  studied  by  Adams  and  Barlow,  and  show 
that  here  also  the  same  series  can  be  recognized  and  that  the  same 
relations  between  them  obtain. 


The  Origipi  and  Age  of  the   Gypsutn  Deposits  of  Kansas,     By   G.  P. 
Grimsley. 

Among  the  minerals  of  economic  importance  in  the  state  of 
Kansas,  gypsum  occupies  a  prominent  place,  and  it  has  attracted  the 
attention  of  geologists  for  many  years.  At  the  present  time  the  state 
stands  first  in  the  Union  in  value  of  its  gypsum  product.  The  deposits 
of  ecomic  value  occur  in  a  belt  trending  northeast-southwest  across 
the  state  with  a  length  of  230  miles  and  in  width  varying  from  five 
miles  at  the  north  to  thirty-six  miles  near  the  southern  line.  There 
are  three  important  areas:  northern,  central,  and  southern.  Intermediate 
deposits  connect  the  northern  and  central  areas,  while  the  interval 
between  the  central  and  southern  is  occupied  by  salt  beds.  The 
topography  increases  in  ruggedness  southward.  In  the  northern  area 
three  companies  are  engaged  in  plaster  manufacture.  There  are  six 
mills  in  the  central  area,  and  two  in  the  southern.  The  rock  is  white 
or  a  gray  mottled,  with  a  saccharoidal  texture  in  the  upper  portion, 
but  becomes  more  compact  below.  The  dip  is  toward  the  west.  In 
the  central  area  occur  a  number  of  secondary  gypsum  dirt  deposits, 
which  form  the  basis  of  the  greater  portion  of  the  plaster  manufac- 
ture. This  material  is  a  granular  dirt  of  an  ash-gray  color.  It  is 
soft,  and  readily  shoveled  into  cars,  so  that  it  is  ready  for  calcining 
with  less  labor  and  expense  than  in  the  case  of  the  solid  gypsum.  At  the 
present  time  four  of  these  deposits  are  worked.  Under  the  microscope 
the  dirt  is  seen  to  consist  of  a  mass  of  small  angular  gypsum  crystals 
of  varying  size.  Mingled  with  the  gypsum  crystals  are  small  quartz 
crystals,  some  calcite  poorly  crystallized,  and  traces  of  organic  material. 
The  deposits  are  found  in  low,  swampy  ground  near  small  creeks,  and 
strong  springs  occur  in  most  of  them.  Usually  there  is  a  ledge  of 
rock  gypsum  at  the  same  level,  or  ten  to  twenty  feet  below.  The 
gypsum  beds  are  all  Permian,  ranging  from  the  Neosho  epoch  to  the 
close,  and  they  rise  geologically  to  the  south.  The  northern  and 
central  rock  gypsum  deposits  appear  to  have  been  formed  in  the  same 
gulf  cut  off   from   the  western    Permian  sea  ;  while  the  gypsum  dirt 
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deposits  are  secondary  and  of  recent  age.  The  southern  deposit  was 
formed  in  a  shallow  gulf  cut  off  from  the  Permian  sea  at  a  later  period 
not  far  from  the  close.  Salt  appears  to  have  been  deposited  with  the 
gypsum,  but  now  it  is  only  found  farther  out  in  the  old  gulf  where  it 
was  thicker. 


The  Cornell  Glacier,  Greenland,     By  Ralph  S.  Tarr. 

In  this  paper  attention  is  called  to  the  recently  published  conclu- 
sions of  Professors  Salisbury  and  Charaberlin  that  glaciation  on  the 
Greenland  coast  has  not  in  recent  times  extended  much  further  than 
the  present  ice  margin.  The  evidence  upon  which  this  is  based  is 
stated,  and  it  is  pointed  out  that  another  interpretation  of  the  rugged 
topography  of  the  high  parts  of  the  Greenland  coast  is  possible.  This 
is,  briefly,  that  the  peaks  seen  from  a  passing  vessel  present  the  face 
which  is  least  likely  to  be  glaciated ;  also  that  they  have  been  longer 
exposed  to  denudation,  both  preglacial  and  postglacial,  and  that, 
being  higher  than  the  surrounding  land,  they  were  more  rugged  before 
the  ice  came,  and  reaching  up  into  the  glacier  they  were  less  scoured 
by  the  ice  than  is  the  case  with  the  lower  lands. 

The  description  of  the  geological  conditions  and  evidence  of 
glaciation  upon  the  Upper  Nugsuak  peninsula  (latitude  74°  10'-  15') 
follows,  and  it  is  pointed  out  that  the  higher  points  in  this  region 
have  all  been  covered  by  ice  notwithstanding  the  fact  that,  as  seen 
from  the  sea,  the  topography  of  the  peaks  is  as  rugged  as  that  of  other 
parts  of  the  Greenland  coast.  Small  beds  of  till  and  numerous  trans- 
ported pebbles,  whose  origin  is  somewhere  within  the  ice-sheet,  are 
found  on  the  highest  points.  The  Devil's  Thumb,  rising  2650  feet 
above  the  sea,  has  been  glaciated ;  Wilcox,  1400  feet  high,  and  twenty- 
five  miles  from  the  margin  of  the  ice,  has  also  been  ice  covered,  and 
the  glacier  has  extended  over  the  Duck  Islands,  which  are  eight  or  ten 
miles  further  to  sea  than  this.  Adding  to  the  land  height  the  depth 
of  the  water  in  the  neighboring  bays,  it  is  certain  that  at  the  Devil's 
Thumb  the  ice-sheet  was  not  less  than  3000  feet  thick;  that  at  Wilcox 
Head,  twenty  to  twenty-five  miles  from  the  present  ice  margin,  there 
was  glaciation  to  a  depth  of  certainly  not  less  than  2000  feet,  and  that 
at  the  Duck  Islands,  thirty  or  thirty-five  miles  from  the  present  glacier, 
the  ice-sheet  had  a  depth  of  not  less  than  600  feet.  In  other  words,  in 
this  part  of  the  Greenland  coast  all  the  land  now  visible  has  been 
recently  glaciated,  and  so  far  as  evidence  here  is  concerned,  there  is  no 
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reason  to  place  a  limit  to  its  advance.  The  presence  of  shells  in  a 
recently  abandoned  moraine,  as  well  as  in  the  moraine  now  being 
made,  and  in  the  ice  itself,  appears  to  prove  a  recent  retreat  of  the 
glacier,  for  these  shells  are  of  species  now  living  in  the  waters  of  the 
fjord.  They  are  found  at  a  distance  of  five  miles  from  the  sea  and  at 
an  elevation  of  586  feet  above  it,  and  at  various  levels  below  this. 
The  description  of  records  left  near  the  margin  of  this  glacier  is  given, 
with  the  idea  of  putting  forward  facts  which  will  permit  accurate 
measurement  of  the  change  of  ice  front  in  the  future.  This  seems  all 
the  more  desirable,  since  evidence  is  abundant  that  the  glacier  in  this 
part  of  Greenland  is  now  retreating  at  a  notable  rate,  and  that  it  has 
recently  withdrawn  from  a  considerable  area.  The  evidence  of  this 
is  found  in  the  presence  of  moraines  at  a  distance  of  100  or  200  feet 
from  the  present  margin  of  the  glacier,  and  so  recently  abandoned 
that  no  vegetation  has  begun  to  grow  upon  the  soil.  Moreover, 
freshly  scratched  bedrock  has  been  so  recently  uncovered  by  the  glacier 
that  lichens  have  not  begun  to  grow. 


Unconformities    in    Alarthas    Vineyard  and  Block   Island,       By  J.    B. 
Wood  WORTH. 

Beginning  below,  plant-bearing  beds  of  Cretaceous  age  appear  in 
both  islands,  without  their  base  being  exposed.  On  Marthas  Vineyard 
marine  Cretaceous  strata  overlie  the  non-marine  beds ;  although  the 
contact  has  not  been  worked  out,  unconformity  is  inferred  from  the 
occurrence  of  lignitic  fragments  in  the  overlying  marine  beds.  Above 
the  Cretaceous  at  Gay  Head,  and  on  an  eroded  surface  rests  the 
Miocene  of  Lyell  and  Dall,  composed  of  the  osseous  conglomerate  and 
the  greensand.  Overlying  these  beds  is  a  yellowish  greensand,  pos- 
sibly Miocene  but  probably  Pliocene.  Fragments  of  a  Pliocene 
formation  have  been  identified  at  Gay  Head  by  Dall.  There  was 
erosion  in  the  area  during  or  just  after  Eocene  time,  again  between 
the  greensand  and  the  osseous  conglomerate,  and  between  the  time  of 
the  greensand  *and  the  latest  Neocene,  the  yellowish  greensand.  A 
bowlder  formation  now  appears,  composed  of  rocks  derived  from  the 
mainland  on  the  north.  It  was  preceded  by  local  folding  of  the 
underlying  beds  and  by  erosion  along  narrow  channels,  the  Miocene 
being  locally  swept  away.  On  Block  Island  the  earliest  Pleistocene 
rests  upon  the  Cretaceous  at  Clay  Head,  the  Miocene  being  entirely 
wanting.     Succeeding  the  bowlder  deposits  there  are  from  twenty- five 
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to  thirty  feet  of  granitic  gravels  and  sands,  the  deposition  of  which 
was  brought  to  a  close  by  profound  folding  over  Marthas  Vineyard 
and  Block  Island.  The  Tisbury  beds  on  Marthas  Vineyard  and  the 
Mohegan  Bluff  beds  on  Block  Island  were  now  laid  down  upon  the 
eroded  surface  of  the  upturned  beds  of  older  strata.  These  horizontal 
beds  are  evidently  of  glacial  origin.  After  their  deposition  there  came 
a  long  period  of  fluvial  erosion,  the  Vineyard  subepoch,  in  which  the 
islands  were  deeply  denuded,  as  pointed  out  by  Shaler  in  1888.  On 
Marthas  Vineyard  the  capture  and  beheadal  of  streams  is  shown  in  the 
existing  topography  as  the  work  of  this  time.  Then  followed  the  last 
glacial  epoch  with  the  deposition  of  moraines  and  sand-plains. 

The  older  Pleistocene  deposits  denominated  Weyquosque  by  Shaler 
in  1888  appear  to  be  the  equivalent  of  the  Columbia  which  in  the 
region  of  the  New  England  Islands  is  divisible  into  an  upper  and 
lower  horizon,  separated  by  unconformity  of  dip  and  erosion  marking 
the  Gay  Head  diastrophe.  The  author  is  unable  to  accept  the  hypothe- 
sis of  glacial  thrust  for  the  deformation  on  the  islands  named  because 
in  each  case  the  fold  preceded  the  evidence  of  glaciation  found  in 
overlying  bowlder  deposits.  Those  who  accept  the  ice-thrust  hypothe- 
sis, it  is  insisted,  must  consider  the  work  to  have  been  done  by  two 
advances  of  an  ice-sheet  long  anterior  to  the  last  glacial  epoch. 

In  the  discussion  Professor  Wm.  B.  Clark  called  attention  to  the 
evidence  of  unconformity  found  by  him  in  New  Jersey  between  the 
non-marine  or  Potomac  beds  and  the  marine  Cretaceous,  and  also  to 
the  meagerness  of  the  horizons  in  this  northern  extension  of  the  coast- 
plain  as  compared  with  more  southern  fields.  He  suggested  that  an 
examination  of  the  foraminiferal  greensand  might  show  that,  as  in  New 
Jersey,  the  Miocene  foraminiferal  casts  had  at  least  in  part  been 
derived  from  preexisting  Cretaceous  beds.  Mr.  Gilbert  noted  that  the 
long  erosion  interval  on  the  islands,  preceding  the  last  glacial  epoch, 
was  consistent  with  the  history  made  out  for  the  rest  of  the  United 
States. 


Homology  of  Joints  and  Artificial  Fractures.     By  J.  B.  Woodworth. 

A  synopsis  of  the  structure  of  a  typical  joint  as  described  in  a 
previous  paper  {Proc.  Boston  Soc.  Nat,  Hist,y  Vol.  XXVII,  1896,  pp. 
163-183)  showed  a  central  area  of  fracture  termed  the  joint-plane, 
which  is  traversed  by  feather-fracture.  Marginal  to  this  is  a  border  of 
overlapping  fractures,  traversed  by  cross- fractures,  forming  the  "joint- 
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fringe."  This  system  of  fractures  en  echelon  pervades  the  entire  joint. 
Specimens  were  exhibited  showing  the  joint  structure  above  described, 
and  also  examples  of  fracture  produced  by  blasting  in  a  quarry,  in 
which  specimens  there  was  a  central  warped  surface  corresponding  to 
the  joint-plane,  and  a  system  of  marginal  fractures  comparable  to  the 
joint-fringe.  The  oblique  imbricating  plates  formed  by  this  fracture 
suggest  a  comparison  with  the  ** diagonal  fissility"  of  Van  Hise.  The 
obliquity  in  the  case  of  joints  is  found  of  value  in  determining  the 
axis  of  breaking  tension,  whatever  the  nature  of  the  force  which  pro- 
duced the  joint  or  fracture.  This  axis  is  a  normal  to  the  oblique 
marginal  fractures.  In  mapping  joints,  a  short  straight  line  like  the 
*' strike"  line  crossed  by  short  oblique  lines  having  the  obliquity  of  the 
observed  marginal  fractures  of  the  fringe  was  proposed  as  a  symbol. 
(Not  to  be  published  in  the  Bulletin  of  the  Geological  Society.) 


Notes  on  Rock  Weathering.     By  (iEorck  F.  Merrill. 

This  paper  was  in  direct  line  with  those  read  at  previous  meetings 
of  the  Society,  and  had  to  do  with  the  ultimate  products  of  decompo- 
sition as  shown  in  the  transition  of  a  fresh  micaceous  gneiss  to  the 
condition  of  a  bright  red  residual  soil.  The  results  of  physical  and 
chemical  analyses  were  presented,  and  on  the  assumption  that  the  alu- 
mina had  remained  essentially  constant  during  the  decomposition,  it 
was  shown  that  44.67  per  cent,  of  original  matter  had  been  lost  through 
the  solvent  and  leaching  action  of  water.  The  writer  stated  that  on 
the  basis  that  such  results  were  rather  under  than  above  the  actual 
amounts  he  had  from  a  large  number  of  analyses  been  led  to  the  con- 
clusion that  an  ordinary  crystalline  siliceous  rock  of  a  granitic  or 
gneissoid  type  in  passing  by  decay  from  its  fresh  condition  to  that  of 
soil  might  lose  about  50  per  cent,  of  its  original  constituents. 

The  cause  of  the  red  color  of  the  residuarv  material  was  discussed. 
The  writer  agreed  with  Professor  Crosby  in  that  the  color  was  wholly 
superficial,  but  thought  that  such  color  might  be  due  not  wholly  to  dehy- 
dration of  the  ferric  oxides  present,  but  also  to  the  presence  of  a  large 
amount  of  coloring  matter,  the  iron  oxides  having  been  shown  to  be 
largely  insoluble,  and  hence  accumulating  in  the  residue  along  with 
the  alumina.  The  subject  of  zeolites  in  soils, and  their  efficacy  as  con- 
servators of  potash  was  discussed,  the  conclusions  being  that  not  only 
is  there  no  proof  of  the  formation  of  zeolites,  during  the  ordinary  proc- 
esses of  true  weathering,  but  also  that  even  did  zeolites  exist  in  the 
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soils,  such  could  hardly  be  of  interest  for  the  reason  stated,  since  potash 
is  not,  on  the  whole,  a  prominent  constituent  of  zeolitic  minerals.  In 
this  connection  Mr.  Merrill  suggested  that  the  term  weathering  as 
applied  to  rocks  should  be  limited  to  those  processes  going  on  within 
the  zone  of  oxidation  and  resulting  as  a  rule  in  the  destruction  of  the 
rock  was  as  a  geological  body,  while  the  more  deep-seated  processes 
which  result  in  the  production  of  new  minerals  of  the  nature  of  zeolites, 
chlorite,  epidote,  etc.,  and  which  are  really  of  mineralogical  rather  than 
geological  moment,  should  be  looked  upon  as  metamorphic  and  desig- 
nated as  products  of  hydrometamorphism.  In  discussing  the  probable 
condition  of  the  soluble  constituents  of  soil,  a  brief  table  was  given 
showing  that  in  rocks  of  as  diverse  types  as  granite,  phonolite,  diabase 
and  basalt,  the  percentage  amount  of  soluble  constituents  in  both  fresh 
and  decomposed  materials  may  be  very  nearly  equal. 


Notes  on  the  Potsdam  and  Lower  Magnesia n  Formations  of  Wisconsin, 
and  Minnesota.     By  Joseph  F.  James. 

The  observations  recorded  in  this  paper  were  made  on  a  trip 
through  Wisconsin  and  Minnesota  during  1889.  Starting  from  Mad- 
ison, Wis.,  the  route  was  through  Lodi,  Devil's  Lake,  Baraboo,  Able- 
man's,  Ripon,  Winneconne,  New  London,  Morritan,  Hudson  and  River 
Falls,  Wis.,  to  Stillwater,  Winona,  and  Dresbach,  Minn.  Natural  and 
artificial  exposures,  especially  in  quarries,  were  studied  at  all  of  these 
places  and  others,  and  nearly  all  of  them  are  illustrated  by  sections 
drawn  to  a  scale.  The  most  extensive  section  is  that  made  between 
Knapp  and  Wilson  stations  on  the  line  of  the  Chicago,  Milwaukee, 
St.  Paul  and  Omaha  R.  R.  The  distance  between  these  two  places 
is  about  five  miles.  There  is  a  continuous  up  grade  with  many  cuts 
and  a  number  of  exposures.  The  section  extends  from  well  down  in 
the  Potsdam  up  to  and  into  the  Lower  Magnesian,  with  an  estimated 
vertical  range  of  about  140  feet.  Two  slabs  of  worm  trails  from  the 
Potsdam  of  Dresbach  and  the  Lower  Magnesian  of  Prairie  du  Chien  are 
also  illustrated. 

Preliminary    Note   on    the    Pleistocene    History    of  Puget   Sound.     By 
Bailey  Willis. 

During  the  past  season  the  drift  deposits  about  the  southeastern 
edge  of  Puget  Sound  have  been  studied  in  some  detail.  They  are 
found  to  consist  of  several  beds  of  till,  separated  by  str^tjfied  deposits 
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of  clay,  sand  and  coarse  gravel,  together  with  widely  distributed 
lignite  beds.  The  character  and  extent  of  the  glaciation  of  the  Puget 
Sound  region  are  indicated  in  these  deposits,  and  it  is  found  that  the 
principal  flow  of  ice  was  rather  from  the  north  than  from  the  moun- 
tains on  the  southeast.  Two  problems  are  presented  by  the  phenom- 
ena :  (i)  The  sequence  of  glacial  advance  and  retreat  and  the  extent 
and  duration  of  climatic  changes  indicated  by  the  presence  of  lignites ; 
(2)  the  bearing  of  the  peculiar  conditions  of  glacial  development  upon 
the  physiography  of  the  sound.  Either  the  deeper  valleys  of  the 
sound  have  been  eroded  during  a  period  of  high  level  from  the  once 
more  extensive  sheets  of  drift  or,  as  suggested  by  Russell,  the  chan- 
nels represent  the  beds  repeatedly  occupied  by  glaciers  which  in  their 
advance  and  retreat  built  up  the  plateau-like  eminences  of  the  region, 
probably  upon  the  divides  of  the  preexisting  topography.  The  past 
condition  of  Puget  Sound  under  confluent  glaciation  is  probably  now 
represented  by  the  Malaspina  glacier  and  its  attendant  phenomena. 


The  Leucite  Hills,   Wyoming.     By  J.  F.  Kemp. 

The  paper  opened  with  a  brief  statement  of  our  earlier  knowledge 
of  the  distribution  of  leucite,  and  of  the  special  interest  that  attaches 
to  it.  Outside  of  the  European  mainland  localities  were  cited  on  the 
Lipari  Islands,  the  Cape  Verde  Islands  in  Asia  Minor,  Siberia,  Java, 
New  South  Wales,  Kilima-Njaro,  Argentina,  Brazil,  New  Jersey, 
Arkansas,  Lower  California,  Yellowstone  Park,  Montana,  and  British 
Columbia.  The  presence  of  the  rich  alkaline  magmas  from  Montana 
to  the  Mexican  line,  and  in  or  near  the  eastern  Rocky  Mountains, 
was  commented  on.  The  previous  observations  of  Zirkel  on  the  rock 
of  the  Leucite  Hills  were  briefly  summarized  so  as  to  show  that  the 
only  minerals  observed  by  him  in  the  very  limited  materials  gathered 
by  the  geologists  of  the  fortieth  parallel  were  leucite  in  great  abun- 
dance, small  prisms  of  augite,  biotite,  apatite,  and  magnetite,  and  that 
the  remarkable  absence  of  feldspar,  haiiyne,  and  nepheline,  was  a  cause 
of  surprise  to  him.  The  geographical  situation  of  the  Leucite  Hills 
and  their  areal  distribution  was  then  shown  by  lantern  slides.  There 
are  three  mesas  or  buttes  in  the  main  group,  of  which  the  southern,  or 
Leucite  Hills  proper,  is  the  largest.  Orenda  Butte,  two  or  three  miles 
north,  is  next,  and  Black  Rock  Butte,  ^yt  miles  northeast,  is  the 
smallest  of  all.  The  two  former  consist  of  several  lava  sheets  resting 
op   X-aramie^  sandstones.     From  them  arise  cones  300  feet  and  less  in 
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height  that  resemble  craters,  but  that  are  solid  lava.  Black  Rock 
Butte  has  no  cone.  The  lava  sheet  is  more  or  less  dissected,  but  the 
fragments  are  found  but  a  very  short  distance  from  the  escarpment. 
Specimens  from  all  the  buttes,  and  from  various  parts  of  the  southern 
one,  show  that  while  the  leucite  is  almost  always  present  it  varies 
greatly  in  amount  and  may  be  replaced  almost  entirely  by  sanidine. 
Hauyne  was  observed,  and  in  Black  Rock  Butte  large  augites  with 
surrounding  borders  of  the  peculiar  yellow  biotite.  All  these  points 
of  petrographical  interest  were  illustrated  by  lantern  slides  from 
photo-micrographs.  The  two  published  analyses  were  cited,  and  in 
view  of  the  abundant  sanidine  the  rock  was  called  a  leucite-phonolite 
rather  than  a  leucitite.  The  cones  were  explained  as  due  to  the 
upwelling  of  a  viscous  lava  in  the  final  phases  of  activity.  No  tuffs  or 
dikes  were  met.  Pilot  Knob,  an  isolated  butte  lying  twenty  miles 
further  west  and  north  of  Rock  Springs,  was  also  described,  and  the 
rock  was  shown  to  consist  of  small  needles  and  larger  crystals  of 
augite  in  an  isotropic  groundmass  that  was  regarded  as  glass.  The 
determinations  of  the  rock  as  trachyte  in  the  Fortieth  Parallel  Survey 
must  have  been  due  to  a  confusion  of  slides. 


Thf  Pre- Cambrian  Topography  of  the  Eastern  Adirondacks,     By  J.  F. 
Kemp. 

The  paper  opened  with  a  review  of  the  geological  formations  in 
the  Lake  Champlain  Valley.  It  was  shown  that  Palaeozoic  sediments 
formed  all  the  eastern  shore  except  for  a  small  area  at  the  south.  In 
Vermont  the  Georgian  strata  of  the  Cambrian  are  met,  but  Acadian 
representatives  are  lacking.  The  Georgian  is  only  seen  at  a  distance 
from  the  crystalline  nucleus  of  the  Adirondack  Archaean  (Algonkian) 
Island,  whereas  the  Potsdam  and  Ordovician  lie  now  well  up  on  its 
flanks.  Prolonged  search  has  failed  to  show  on  the  west  shore  of  Lake 
Champlain  anything  below  the  Potsdam.  Mr.  Walcott  has  already 
pointed  out  these  relations.  The  writer  stated  that  the  crystallines 
had  all  been  formed  and  greatly  metamorphosed  long  before  the  Cam- 
brian times,  whose  strata  on  their  flanks  lie  flat  and  show  no  meta- 
morphism  whatever.  He  further  stated  that  the  crystallines  must  have 
been  land  with  an  encroaching  shore  line  during  the  Cambrian,  and 
that  the  land  was  deeply  carved  by  erosion,  whose  results  he  freely 
admitted  had  been  greatly  modified  by  faulting.  Then,  with  a  series  of 
lantern  slides   based  on  the  topographic  maps  of  the  United  States 
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Cieological  Survey,  he  traced  the  relations  of  the  Palaeozoic  rocks  to 
the  pre-Cainbrian  strata,  showing  that  they  set  up  into  embayments  at 
Willsboro,  Essex,  Westport  and  Port  Henry.  The  most  interesting  of 
all  are,  however,  at  Crown  Point  and  Ticonderoga.  Small  outlines  of 
Potsdam  were  shown  in  the  valley  of  Trout  Brook,  west  of  Rogers 
Rock  on  Lake  George,  and  over  a  high  divide ;  from  the  lake  and  in 
the  valley  of  Lake  George  itself.  The  old  depressions  up  which  the 
encroaching  sea  of  the  late  Cambrian  set  are  still  discernible.  Then, 
with  a  succession  of  adjacent  maps,  the  speaker  traced  out  an  old 
depression  back  from  Lake  Champlain  through  Crown  Point,  with 
several  scattered  outliers  of  Potsdam,  thenpe  southward  past  Penfield 
Pond,  and  up  a  branch  in  central  Ticonderoga,  where  another  Pots- 
dam outlier  is  found ;  thence  through  the  valley  of  Paragon  and 
Paradox  lakes  into  the  Schroon  Lake  valley,  where  a  few  acres  of  Calcif- 
erous  flinty  limestone  remain  under  Schroon  Lake  P.  O.  The  last 
named  exposure  is  nearly  twenty  miles  from  Lake  Champlain,  and  is 
forty  miles  from  the  next  outcrop  down  the  Schroon  and  Hudson 
rivers.  Attention  was  called  to  the  little  outlier  containing  Potsdam, 
Calciferous,  Trenton,  and  Utica  strata  at  Wells,  on  the  Sacondaga 
River,  as  recently  figured  by  Mr.  Darton.  All  these  outliers  are  quite 
fiat,  seldom  reaching  fifteen  degrees,  and  as  a  rule  dip  northwest  and 
strike  northeast.  The  original  depressions  were  developed  especially 
where  there  is  crvsialline  limestone. 


Siratigrap/ty  ami  Palaontology   of  the  Laramie   and  Reiated  Forpna- 
iions  in   Wyoming.     By  T.  \V.  Stanton  and  F.  H.  Knowlton. 

The  separation,  in  recent  years,  of  the  Denver,  Arapahoe,  and  sim- 
ilar formations  in  Colorado,  and  of  the  Livingston  in  Montana,  from 
the  coal-bearing  Laramie  series,  has  called  in  question  the  unity  of 
the  beds  usually  referred  to  the  Laramie  in  Southern  Wyoming.  Sev- 
eral facts  in  the  reported  stratigraphy  and  paleontology  of  the  region 
suggested  the  possible  presence  of  the  Denver  beds.  The  same  hori- 
zon was  suggested  by  the  vertebrate  fauna  of  the  *'Ceratops  beds"  in 
Eastern  Wyoming  as  described  by  Messrs.  Marsh  and  Hatcher.  In 
view  of  these  facts  and  queries  the  authors  undertook  the  examination 
of  the  Ceratops  area  in  Converse  county,  and  of  the  coal -bearing 
localities  along  the  Union  Pacific  Railroad,  giving  special  attention  to 
the  stratigraphy  and  to  the  branches  of  palaeontology — invertebrates  and 
plants  — in  which  they  are  respectively  interested.    The  areas  studied  in 
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Converse  county,  the  Laramie  Plains,  and  Bitter  Creek  valley  are 
described  somewhat  in  detail,  and  more  general  observations  are  given 
on  other  localities  treated,  including  Evanston  and  Hodge's  Pass,  Wyo- 
ming ;  Coalville,  Utah,  and  Crow  Creek,  Colorado.  The  results  are  nega- 
tive so  far  as  the  Denver  and  later  related  formations  are  concerned. 
That  is,  no  division  of  the  beds  between  the  base  of  the  Laramie  and  the 
Fort  Union  was  found  possible,  and  the  Laramie  age  of  the  Ceratops 
beds  of  Converse  county,  as  well  as  of  the  Black  Buttes  coal  horizon, 
was  confirmed.  On  the  Laramie  Plains  most  of  the  coal-bearing 
localities  are  on  a  horizon  lower  than  the  Laramie,  and  overlain  by 
marine  F*ox  Hills  beds.  The  coal-bearing  series  at  Point  of  Rocks  is 
also  in  a  similar  position,  and  the  considerable  flora  it  has  yielded 
must  now  be  referred  to  the  Montana  formation  instead  of  to  the 
Laramie.  In  this  connection  all  the  non-marine  invertebrates  and 
plants  now  known  from  the  Montana  formation  are  brought  together 
in  lists,  and  the  more  general  questions  of  the  upper  and  lower  delim- 
itation of  the  Laramie  are  discussed. 


A    Complete     Oil-  Well  Record  />/    the   McDonald  Field    between   the 
Pittsburg  Coal  and  the  Fifth  Oil  Sand.     By  L  C.  White. 

Cieologists  have  long  desired  a  careful  and  accurate  measurement 
of  the  rocks  passed  through  by  the  borings  for  oil  in  southwestern 
Pennsylvania.  Mr.  Carll,  during  the  life  of  the  second  geological 
survey  of  Pennsylvania,  had  several  careful  records  kept  of  the  borings 
in  Clarion  and  adjoining  counties,  but  as  the  strata  dip  to  the  south- 
west, and  thicken  somewhat,  it  was  very  desirable  to  have  a  new 
standard  of  comparison  in  southern  Pennsylvania.  The  writer  hap- 
pily found  in  Mr.  T.  J.  Vandergrift  of  Jamestown,  N.  Y.,  a  successful 
oil  operator  of  many  years'  experience,  the  right  man  to  undertake  the 
work  purely  as  a  labor  of  love  in  the  interest  of  geology.  The  well 
in  question  was  drilled  by  the  Woodland  Oil  Company,  of  which  Mr. 
Vandergrift  is  president,  on  the  S.  B.  Phillips  farm  in  the  famous 
McDonald  field,  near  the  line  between  Allegheny  and  Washington 
counties.  Pa.,  about  twenty  miles  southwest  from  Pittsburg.  The  pro- 
ducing rock  of  this  region  is  the  lowest  member  of  the  Venango  Oil 
Sand  group,  or  what  is  known  to  oil  operators  as  the  Fifth  Oil  Sand. 
This  rock,  it  will  be  remembered,  has  yielded  petroleum  in  greater 
quantitv  than  any  other  yet  found  on  the  American  continent,  since 
some  of  the  wells  of  the  McDonald  region  produced  oil  for  a  short 
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time  at  the  rate  of  15,000  barrels  daily.  It  is  no  slight  task  to  keep 
one  of  these  deep-well  records  with  the  necessary  care,  since  to  be 
reliable  a  sample  of  the  drillings  must  be  washed,  dried,  and  properly 
labeled  every  time  the  tools  are  withdrawn  from  the  well.  Then,  too, 
as  all  rope  measurements  are  not  reliable  to  within  ten  to  fifteen  feet, 
steel-line  measurements  must  be  taken  frequently,  all  of  which  was 
done  in  the  present  instance,  so  that  the  2342  feet  of  strata,  penetrated 
from  eighty-six  feet  above  the  Pittsburg  coal  down  to  seven  feet  under 
the  base  of  the  Fifth  Oil  Sand,  is  represented  by  570  samples  of  drill- 
ings and  fifty-five  steel-line  measurements,  from  which  data  a  very 
complete  account  of  the  rocks  from  the  Pittsburg  coal  down  nearly  to 
the  top  of  the  Chemung  may  be  obtained,  for  all  of  which  geologists 
are  certainly  under  great  obligations  to  Mr.  Vandergrift.  The  writer 
will  publish  the  log  of  the  well,  as  noted  by  the  party  keeping  the 
same,  and  also  a  condensed  record  in  more  strictly  geological  terms. 


A  Note  on  the  ''Plasticity''  of  Glacial  Ice.     By  Israel  C.  Russell. 

Experiments  by  McConnell,  Kidd,  and  Miigge  have  demonstrated 
that  a  bar  of  ice  cut  from  a  single  crystal,  with  the  optic  axis  perpen- 
dicular to  two  of  the  side  faces,  when  subjected  to  a  bending  stress, 
will  bend  freely  in  the  plane  of  the  optic  axis,  but  not  at  all  in  a  plane 
perpendicular  to  that  axis.  In  the  bent  crystals  the  optic  axis  in  any 
part  is  normal  to  the  bent  face  in  that  part.  As  .stated  by  McConnell, 
the  crystals  behave  as  if  they  were  composed  of  an  infinite  number  of 
thin  sheets  of  paper,  normal  to  their  optic  axis,  and  attached  to  each 
other  by  some  viscous  .substance  which  allowed  one  to  slide  over  the 
next  with  great  difficulty.  The  greatest  freedom  of  movement  was 
found  to  occur  when  the  ice  experimented  on  was  near  the  melting 
point,  and  became  less  and  less  with  a  decrease  of  temperature.  In 
certain  of  the  experiments  referred  to  the  freedom  of  movement  at 
—  2°  C.  was  twice  as  great  as  at  —  10^  C.  When  thin  sections  of  gla- 
cial ice  are  examined  by  means  of  polarized  light,  as  shown  by  Deeley, 
Fletcher,  and  others,  it  is  seen  that  the  granules  of  which  it  is  com- 
posed are  fragments  of  ice  crystals,  or  perhaps  imperfectly  formed 
crystals  which  interlock  one  with  another  so  as  to  resemble  the  struc- 
ture of  coarsely  crystalline  dolomite. 

The  optic  axes  of  the  granules  are  without  definite  arrangement, 
but  have  all  directions.  Pressure  brought  to  bear  on  such  granular 
ice  in  a  definite  direction  would  cause  movement  in  the  crystal  frag- 
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inents  or  granules,  whose  optic  axes  were  in  the  plane  of  pressure,  but 
would  not  change  the  forms  of  the  crystal  fragments  not  thus  oriented. 
The  crystal  fragments  having  their  optic  axes  in  the  plane  of  pressure 
would  be  changed  in  shape,  as  in  the  experiments  cited  above,  by 
movements  along  gliding  planes.  The  stresses  in  glaciers  are  mani- 
festly in  various  directions,  and  owing  to  the  flow  of  the  ice,  inequali- 
ties of  the  rock  surfaces  beneath,  etc.,  must  be  exceedingly  complex. 
As  the  crystal  fragments  of  which  glaciers  are  composed  are  without 
orderly  arrangement  it  is  evident  that  some  of  them  will  be  properly 
oriented  to  be  deformed  by  a  differential  movement  of  their  parts 
along  gliding  planes,  by  pressure  acting  in  any  direction.  Under 
diverse  stresses  the  resultant  motion  would  be  in  the  direction  of 
least  resistance.  That  is,  the  granular  ice  would  behave  like  a  plastic 
solid.  The  yielding  of  glacial  ice  to  pressure,  we  conceive,  is  due  to 
movements  along  gliding  planes  in  the  granules  of  which  it  is  com- 
posed. If  this  process  is  continued  the  granules  will  evidently  be 
destroyed  by  being  divided  along  the  planes  on  which  movement 
occurs,  but  the  resulting  subdivisions,  or  "plates"  perhaps  we  may 
term  them,  are  reunited  probably  by  the  process  of  regelation.  The 
plates,  which  after  uniting  have  the  same  orientation,  would  form  new 
granules.  The  longer  this  process  is  continued,  or,  in  other  words,  the 
farther  a  glacier  flows  the  greater  the  chances  that  a  large  number  of 
"plates"  will  come  together  with  similar  orientation  and  the  larger 
will  be  the  resulting  granules. 

Under  the  hypothesis  here  suggested  the  granules  of  glacial  ice  are 
considered  as  an  inheritance  from  the  granules  in  the  ice  formed  by 
partial  melting  and  refreezing  of  n^v^  snow.  The  granules  at  first  are 
minute,  but  under  the  pressure  of  ice  at  higher  levels  they  yield  along 
gliding  planes,  and  a  resultant  motion  similar  to  that  of  plastic  solids 
under  like  conditions  is  initiated.  The  granules  are  destroyed  by 
this  process,  but  progressive  motion  leads  to  the  union  of  a  constantly 
increasing  number  of  the  plates  into  which  they  are  divided,  and  the 
growth  of  larger  granules. 


IVark  of  the  U,  S.   Geological  Survey  in  the  Sierra  Nevada.     By  H. 
W.  Turner. 

To  the  north  of  the  Fortieth  Parallel  Mr.  Diller  has  published  one 
folio  on  the  Lassen  Peak  area,  and  has  a  very  extensive  series  of  notes 
which    are   as    yet   unpublished.     The   gold   deposits   of   the   Sierra 
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Nevada  are,  with  minor  exceptions,  pretty  closely  confined  to  the  belt 
of  Palaeozoic  and  Juratrias  slates  with  their  associated  greenstones  and 
included  granitic  masses.  The  area  covered  by  these  rocks  forms  the 
real  gold  belt  of  the  Sierra  Nevada.  It  is  gratifying  to  announce  that 
the  geological  work  covering  this  area  is  now  nearly  completed.  The 
Marysville,  Smartsville,  Sacramento,  Placerville,  and  Jackson  folios 
are  published,  and  the  Bidwell  Kar,  Downieville,  Truckee,  Pyramid 
Peak,  Big  Trees,  and  Sonora  sheets  are  soon  to  be  published.  Atten- 
tion was  called  to  the  very  extensive  beds  of  Juratrias  tuffs  in  the  foot- 
hills, indicating  enormous  volcanic  activity  in  Juratrias  time.  Later 
in  the  Tertiary  the  scene  of  volcanic  activity  was  transferred  to  the 
crest  of  the  range,  and  nearly  the  whole  area  of  the  gold  belt  was 
flooded  with  lavas  chiefly  of  a  rhyolitic  and  andesitic  character. 


Shore  Lines  of  Lake  IVarren  ami  of  a  Lo7ver  Water  Lere/  in  Western- 
Central  New   York.     By  H.  L.  Fairchild. 

This  paper  describes  the  eastward  extension  of  the  Warren  shore 
line  as  discovered  and  traced  by  the  author  during  the  past  summer. 
The  beach,  in  excellent  form,  with  the  various  shore-line  phenomena, 
as  cliffs,  bars,  spits,  and  hooks,  has  been  traced  from  Crittenden  to 
Lima,  somewhat  east  of  the  meridian  of  Rochester ;  while  sufficient 
evidence  of  static  water  at  a  corresponding  level  is  found  much  further 
eastward.  The  altitude  of  the  beach  between  Batavia  and  LeRoy  is 
880  feet  above  tide.  The  altitude  at  Lima,  subject  to  possible  correc- 
tion of  datum,  is  877  feet.  This  water  plane  would  lie  just  about  500 
feet  over  the  Iroquois  plane  and  would  apparently  lie  below  the  plane 
of  Watkins  Lake  or  of  Lake  Newberry,  the  early  local  glacial  waters  in 
the  Seneca  embayment.  It  therefore  seems  certain  that  the  Warren 
waters  never  found  outlet  by  the  Horseheads  channel.  The  comparison 
of  the  beach  phenomena  east  of  Indian  Falls  with  the  same  phenomena 
at  Crittenden  and  westward  is  difficult  to  make  on  account  of  the  dif- 
ference in  the  topography  of  the  country.  East  of  Indian  Falls  the 
beach  is  transverse  to  the  drumloid  molding  of  the  land  surface,  and 
the  beach  is  not  of  so  mature  a  character  as  south  of  Lake  Erie,  but 
nevertheless  indicates  a  long  period  of  wave  action.  Another  beach 
at  an  altitude  of  700  feet  has  been  found  at  Geneva,  New  York,  and 
traced  westward  continuously  nearly  to  the  meridian  of  Canandaigua, 
Abundant  evidence  of  the  same  water  plane  is  found  in  terraces  and 
cliffs  nearly  to  the  Genesee  River.     The  phenomena  of  this  shore  line 
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are  nearly  as  strong  as  those  of  the  Warren  waters  in  the  Genesee 
region.  This  beach  is  specially  interesting  as  being  entirely  new  and 
unexpected,  and  indicating  a  long  pause  of  the  waters  at  an  altitude 
between  the  Warren  and  the  Iroquois  plane,  while  the  correlating  out- 
let is  unknown.  The  body  of  the  paper  is  a  detailed  description,  for 
record,  of  the  phenomena  of  these  two  beaches. 


Principal  Features  of  the   Geology  of  Southeastern    Washington,      By 
Israel  C.  Russell. 

A  brief  statement  of  the  results  of  a  six  weeks'  reconnoissance  in 
the  southeastern  portion  of  the  state  of  Washington,  made  for  the 
United  States  Geological  Survey. 

Practically  all  of  that  portion  of  Washington  which  lies  south  of 
the  Big  Bend  of  the  Columbia  is  occupied  by  a  succession  of  basaltic 
lava  flows.  This  is  a  portion  of  a  vast  lava-covered  region  embracing 
northern  California,  central  and  eastern  Oregon,  central  and  south- 
eastern Washington,  and  southern  Idaho.  The  great  fissure  eruptions 
which  supplied  the  Columbia  lava,  as  the  basalt  is  termed,  occurred  in 
the  Miocene.  The  Columbia  lava  in  Washington  to  the  west  of  the 
Columbia,  south  of  the  Big  Bend,  as  ascertained  during  a  previous 
reconnoissance,  is  broken  by  extensive  faults  and  the  blocks  thus 
formed  variously  tilted.  In  the  region  here  treated,  however,  the 
basalt  is  horizontal  over  extensive  areas,  and  deeply  dissected  by 
Snake  River  and  its  tributaries.  Many  lava  sheets,  one  resting  on 
another,  were  seen.  Between  some  of  the  flows  there  are  widely 
extended  sheets  of  lacustral  clay,  sand,  gravel,  volcanic  dust,  and  lapilli. 
In  some  instances  leaves,  and  the  silicified  stumps  and  trunks  of  trees 
occur  in  these  layers.  The  Columbia  lava  flowed  about  the  bases  of 
the  mountains  of  eastern  Washington  and  the  adjacent  portion  of 
Idaho,  in  a  series  of  inundations  which  covered  the  low  country  to  the 
south.  The  level  basaltic  plateau  meets  the  mountains  of  metamor- 
phic  rock  in  much  the  same  manner  that  the  sea  joins  a  rugged  and 
deeply  indented  coast.  The  lava  entered  the  valleys  and  gave  them 
level  floors  of  basalt ;  the  deeply  sculptured  ridges  between  the  valleys 
were  transformed  into  capes  and  headlands;  outstanding  mountain 
|)eaks  became  islands  in  the  sea  of  molten  rock.  After  the  last  of  the 
lava  sheets  was  spread  out,  the  rivers  flowing  from  the  mountains 
l>egan  the  excavation  of  channels  across  the  basaltic  plateau  and  have 
deeply  dissected  it.     The  most  important  of  these  channels  is  the  one 
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excavated  by  Snake  River.  From  the  mouth  of  Snake  River  to  Lewis- 
ton,  the  stream  is  a  narrow,  deep-sided  canyon,  about  2000  feet  deep. 
Where  Snake  River  forms  the  boundary  between  Washington  and 
Idaho,  its  gorge  is  about  4000  feet  deep  and  fifteen  miles  broad. 
Within  this  vast  canyon  there  are  many  lateral  ridges,  and  a  great  vari- 
ety of  topographic  forms  due  to  erosion.  This  portion  of  Snake  River 
canyon  compares  favorably  with  even  the  most  magnificent  parts  of  the 
Grand  Canyon  of  the  Colorado,  except  that  it  lacks  the  gorgeous  col- 
oring to  which  so  much  of  the  charm  of  its  southern  rival  is  due.  The 
thickness  of  horizontally  bedded  basalt  exposed  in  the  walls  of  Snake 
River  canyon  and  in  the  adjacent  Blue  Mountains,  is  in  the  neighbor- 
hood of  5000  feet,  but  the  maximum  thickness  is  not  exposed.  In  the 
walls  of  the  canyon  at  three  localities,  the  summits  of  steep,  angular 
mountain  ranges  are  revealed.  One  of  these  buried  peaks  rises  about 
2500  feet  above  the  river  and  is  covered  by  fully  1500  feet  of  horizon- 
tally bedded  basalt.  The  sheets  of  clay,  sand,  and  gravel  interleaved 
with  the  basalt,  especially  near  its  junction  with  the  bordering  moun- 
tains, furnish  conditions  favorable  for  obtaining  artesian  water.  A 
number  of  flowing  wells  derive  their  water  supply  from  this  source. 
The  Blue  Mountains,  at  least  at  their  northern  extremity,  consist  of  a 
low,  flat-topped  dome  of  Columbia  lava,  which  has  been  deeply  dis- 
sected by  consequent  streams.  The  surface  of  the  basaltic  plateau  is 
covered  with  residual  soil  which  has  an  average  depth  of  sixty  to  eighty 
feet  over  thousands  of  square  miles.  The  soil  is  exceedingly  fine,  dark 
brown  or  black  in  color,  and  of  wonderful  fertility.  This  is  the  soil  of 
the  celebrated  wheat  lands.  The  subsoil  is  fine,  light  yellowish  in 
color,  without  stratification,  and  in  many  localities  traversed  by 
minute,  irregular,  but,  in  general,  vertical  tubes.  In  many  ways  the 
subsoil  closely  resembles  loess.  Its  origin  from  the  disintegration  and 
decay  of  the  underlying  basalt  is  clearly  manifest. 

Topographically  the  Columbia  lava  presents  great  diversity.  In 
the  Blue  Mountains  there  is  an  intricate  series  of  sharp-crested  ridges, 
separated  by  a  labyrinth  of  canyons,  having  in  general  a  depth  of 
about  3000  feet.  Between  the  Blue  Mountains  and  Snake  River  there 
are  broad  remnants  of  the  nearly  level  plateau,  separated  by  narrow, 
steep-sided  canyons,  in  general  2000  feet  deep.  North  of  Snake  River 
there  is  a  vast  area  without  deep  canyons,  but  diversified  by  short  hills 
from  fifty  to  eighty  feet  high,  none  of  which,  however,  rises  above  a 
certain  general  level.  Along  the  eastern  portion  of  this  hilly  plateau, 
or  rolling  prairie  as  it  was  before  cultivation  began,  there   are  a  few 
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prominent,  island-like  buttes  of  quartzite,  which  rise  through  the 
basalt.  Among  the  details  noted  in  the  Columbia  lava  are  certain  hori- 
zontal joints  which  cut  the  vertical  columns  of  basalt  and  may  be 
traced  for  several  miles.  The  large  vertical  columns  of  lava  when 
weathered  sometimes  show  that  they  are  composed  of  small  horizontal 
columns  or  prisms  which  radiate  from  a  confusedly  jointed  central 
core.  The  joints  which  bound  the  large  vertical  columns  furnished 
the  cooling  surfaces  for  the  rock  they  enclose.  The  bases  or  ends  of 
the  radiating  columns  are  frequently  revealed  on  the  surfaces  of  the 
slightly  weathered  vertical  columns  by  a  network  of  lines  resembling 
shrinkage  cracks.  A  report  on  the  observations  outlined  above  will 
be  published  by  the  United  States  Geological  Survey. 


Old  Tracks   of  Erian  Drainage   in   Western  New   York,     By   G.   K. 
Gilbert. 

The  glacial  Lake  Warren  occupied  the  Erie  and  parts  of  the  Huron 
and  Ontario  basins.  In  the  next  important  stage  Lake  Erie  was 
established  as  a  non-glacial  lake,  being  separated  from  the  glacial  Lake 
Algonquin  at  the  west  and  the  glacial  Lake  Iroquois  in  the  Ontario 
basin.  As  Warren  drained  westward  and  all  the  lakes  of  the  succeed- 
ing stages  drained  eastward,  it  was  inferred  as  probable  that  the  revo- 
lution was  initiated  by  the  opening  of  an  eastward  passage  for  Warren 
waters.  Such  eastward  passage  was  sought  and  found  in  western  New 
York.  In  fact  several  passages  were  found,  which  succeeded  one 
another  as  the  northward  retreat  of  the  ice-front  exposed  lower  and 
lower  cols  on  the  north-south  ridges  which  diversify  the  general  north- 
ward slope  of  that  region.  Between  the  ridges  there  were  lakelets, 
walled  by  ice  on  the  north,  and  these  lakelets  received  the  material 
scoured  out  by  the  waters  in  crossing  the  ridges,  so  that  the  surviving 
phenomena  are  chiefly  channels  and  scourways  through  the  higher 
lands,  with  gravel  deltas  at  their  eastern  ends.  Most  of  the  drainage 
lines  descend  to  the  Iroquois  level,  but  some  terminate  at  higher  levels, 
and  it  is  thought  probable  that  for  a  short  time  a  glacial  lake  occupied 
the  middle  Mohawk  valley,  being  doubly  dammed  by  ice  lobes  on  the 
east  and  northwest. 

The  district  traversed  by  the  channels  extends  from  Le  Roy  to 
Chittenango,  and  the  relation  of  the  channels  to  one  another  and  to 
the  Iroquois  shore  show  that  during  the  channel  epoch  the  trend  of 
the  ice-front  in  that  region  was  approximately  east- west. 
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It  was  found  also  that  when  the  water  first  fell  to  the  level  of  the 
Niagara  escarpment,  so  as  to  cascade  over  its  edge,  there  were  five 
points  of  discharge.  Three  of  these  were  short-lived,  but  Lockport 
for  a  considerable  period  divided  the  water  with  Niagara. 


The  Physical  Nature  of  the  Problem  of  General  Geological  Correlaiion. 
Bv  Chakle.s  R.  Reyes. 

The  main  object  of  this  communication  has  been  to  formulate 
briefly  certain  suggestions  which  have  arisen  in  the  course  of  recent 
attempts  to  parallel  some  of  the  geological  formations  in  the  Missis- 
sippi valley.  They  appear  to  have  a  much  more  than  local  bearing, 
and  to  affect  the  whole  problem  of  general  geological  correlation,  and 
perhaps  also  even  our  present  systen?  of  geological  classification. 

Regarding  as  the  principal  function  of  correlation  the  establish- 
ment of  a  practical  scale  of  geological  succession  to  which  may  be 
referred  the  strata  of  all  parts  of  the  globe,  the  critical  criteria  adopted 
became  essentially  the  real  basis  of  geological  classification  or  historical 
geology.  A  rational  classification  of  geological  phenomena  reflects 
the  genesis  of  the  events  recorded,  and  this  is  manifestly  the  ultimate 
aim  of  all  methods  of  paralleling  strata.  In  the  correlation,  or  com- 
parison of  geological  formations,  experience  has  shown  that  the  sub- 
ject may  be  viewed  from  at  least  four  very  different  points  of  vantage. 
The  aspects  presented  are :  local,  provincial,  regional,  or  general. 
With  the  various  methods  which  have  been  followed  from  time  to  time 
in  correlative  inquiry  the  almost  universal  practice  has  been  to  attempt 
to  base  the  broader  generalizations  upon  criteria  that  are  in  reality 
applicable  only  to  limited  areas. 

Pa.ssing  by  a  review  of  the  various  methods  of  correlation  which 
have  been  used,  a  little  consideration  shows  that  all  are  necessarily 
local  in  application  and  not  general.  This  distinction  between  the 
•  two  sorts  of  correlation  which  is  usually  entirely  overlooked  should  be 
clearly  borne  in  mind.  When  widely  applied  the  almost  total  failure 
of  the  several  methods  that  have  been  tried  is  only  too  apparent.  The 
inherent  weakness  of  the  most  common  criteria-  the  fossils  —  is  readily 
gleaned  from  the  writings  of  Huxley,  Irving,  Van  Hise,  McGee,  Wal- 
cott,  Brooks  and  others.  The  problem  is  manifestly  a  physical  and 
not  a  biological  one.  We  must  look  therefore  to  physical  criteria  for 
its  solution.  The  nearest  approach  to  an  absolute  foundation  for  a 
system  of  geological   synchrony  is  to  be  found  in  the  work  of  Irving, 
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in  his  work  on  the  pre-Cambrian  crystallines  of  the  northwest,  in  which 
unconformities  are  given  great  prominence;  by  McGee  in  his  investi- 
gations of  the  coastal  plain  deposits  of  the  Middle  Atlantic  slope,  in 
which  similarity  of  genesis,  or  homogeny,  is  the  governing  factor ;  and 
by  Davis  and  others  in  physiographic  work,  in  which  periods  of  base- 
leveling  are  made  the  all-important  features  in  the  cycle  of  land 
degradation,  and  inferentially  the  consequent  sedimentation  in  adjoin- 
ing seas. 

Without  considering  all  the  available  physical  and  biotic  criteria  of 
correlation  in  these  various  local  and  general  phases  it  may  be  said 
that  general  correlation  finds  a  fertile  suggestion  for  a  rational  foun- 
dation in  the  factors  which  govern  sedimentation.  Its  chief  criterion 
is  a  function  of  continental  growth  and  decline,  and  is  dependent  upon 
orogenic  movement.  This  has  recently  be  encalled  correlation  by 
mountain-building  cycles,  or  orotaxis.  The  division  planes  cutting 
the  geological  columns  into  systems,  series,  or  smaller  parts,  are  actu- 
ally, as  well  as  theoretically,  the  lines  of  unconformities  and  their  rep- 
resentatives. In  the  case  of  the  more  extensive  ones  they  do,  no 
doubt,  represent  base-leveled  surfaces,  or  peneplains. 


Modified  Drift  in  St,  Paul,  Mimiesota.     By  Warren  Upham. 

Within  the  limits  of  St.  Paul  (fifty-five  square  miles)  are  numerous 
plateaus  of  drift  gravel  and  sand,  225  to  240  feet  above  the  Missis- 
sippi River,  and  about  100  feet  above  the  highest  plains  and  terraces 
of  similar  modified  drift  in  the  Mississippi  valley.  The  courses  of 
marginal  moraines  in  this  city  and  its  vicinity,  the  glacial  striae,  and 
diverse  origin  of  the  glacial  and  modified  drift  on  the  east  and  west, 
show  that  the  slopes  and  currents  of  the  ice-sheet  converged  to  this 
area  from  the  northeast  and  the  northwest.  On  account  of  the  sig- 
moid course  of  the  Mississippi  valley  here,  during  the  final  melting 
and  retreat  of  the  ice-fields  the  tract  where  they  had  been  confluent 
was  occupied  by  a  small  glacial  lake  named  Lake  Hamline,  which 
extended  over  the  greater  part  of  the  western  half  of  the  area  of  St. 
Paul,  having  an  outlet  toward  the  southwest  and  south,  across  the 
present  watershed  between  the  Minnesota  and  Mississippi  rivers,  to 
Rich  Valley  and  the  Mississippi.  In  this  temporary  lake  the  modified 
drift  plateaus  were  accunmlated,  their  material  being  thought  to  be 
supplied  from  exceptionally  abundant  englacial  drift  brought  to  the 
area  of  glacial  confluence.     The  surface  of  the  glacial   lake  during  the 
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early  part  of  its  existence,  as  shown  by  the  Hamline  and  Como  pla- 
teaus, was  about  250  feet  above  the  present  river,  or  930  to  940  feet 
above  the  present  sea  level.  A  little  later,  when  the  plateau  a  mile 
east  of  Lake  Como  was  formed,  the  lake  level  had  fallen  apparently 
five  or  ten  feet.  At  the  time  of  formation  of  the  Summit  Avenue 
plateau,  it  had  been  further  lowered  several  feet,  having  then  appar- 
ently an  elevation  of  about  915  feet;  and  still  later  and  smaller 
plateaus  show  that  this  lake  finally  was  reduced  to  875  or  870  feet 
above  the  present  sea  level.  In  one  section  it  was  observed  that  the 
till,  exposed  to  a  depth  of  twenty  to  twenty-five  feet,  at  an  elevation 
of  about  875  to  900  feet  above  the  sea,  has  throughout  that  thickness 
an  imperfect  stratification.  The  author  attributes  this  to  the  action  of 
the  water  of  Lake  Hamline,  receiving  the  till  from  a  previously  engla- 
cial  and  superglacial  position  in  and  upon  the  melting  ice-sheet.  It 
is  an  observation  almost  exactly  like  that  made  by  him  a  year  earlier 
in  the  drift  section  of  the  Lake  Erie  shore  in  Cleveland,  Ohio ;  and 
here,  as  there,  he  concludes  that  the  volume  of  the  englacial  drift  is 
represented  by  the  thickness  of  the  obscurely  bedded  or  laminated 
till.  In  another  section  a  sheet  of  till  ten  to  twelve  feet  thick,  resting 
on  striated  Trenton  limestone,  is  shown,  as  the  author  thinks,  to  have 
been  wholly  englacial,  this  being  indicated  by  deflection  of  the  glacial 
striae.  Many  of  the  striae,  intersecting  the  southward  courses  of  ear- 
lier glaciation,  run  N.  60^-75°  W.,  perpendicularly  toward  the  neigh- 
boring Lake  Hamline  and  its  long  plateaus  of  water-deposited  drift. 


(Abstracts  to  be  continued.) 
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PROFESSOR  GEIKIE'S  CLASSIFICATION   OF  THE 
NORTH  EUROPEAN  GLACIAL  DEPOSITS. 

In  Vol.  Ill  of  this  Journal,  Professor  James  Geikie  gives  a 
concise  account  of  his  present  ideas  concerning  the  classification 
of  the  north  European  glacial  formations.  His  statement 
involves  a  comparison  of  the  drift  formations  of  various  north 
European  localities  with  one  another,  and  with  those  of  the  Alps. 
He  differentiates  six  glacial  epochs,  separated  by  five  interglacial 
epochs,  which  he  names  after  typical  localities,  as  follows : 

First  glacial  epoch,  Scanian. 

First  interglacial  epoch,  Norfolkian  or  EUphas  meridionalis 
stage. 

Second  glacial  epoch,  Saxonian. 

Second  interglacial  epoch,  Helvetian  or  Elephas  antiqmis 
stage. 

Third  glacial  epoch,  Polandian. 

Third  interglacial  epoch,  Neudeckian. 

Fourth  glacial  epoch,  Mecklenburgian. 

Fourth  interglacial  epoch,  Lower  Forestian. 

Fifth  glacial  epoch,  Lower  Turbarian. 

Fifth  interglacial  epoch,  Upper  Forestian. 

Sixth  glacial  epoch,  Upper  Turbarian. 

I.  Scanian   stage. — The   oldest  glacial   formation   of    north 

Europe  appears  in  Schonen  and  points  to  a  Baltic  glacier.     In 

England  perhaps  the  Chillesford  Clay  and  Weybourn  Crag  with 
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their  arctic  molluscan  fauna  belong  to  this  stage.  Here  also 
Geikie  places  the  oldest  Alpine  glacial  deposits  as  well  as  the 
old  ** Diluvium"  of  the  plateau  of  central  France.  In  another 
part  of  his  work  he  expresses  the  opinion  that  the  oldest 
ground  moraine  in  the  Baltic  region  of  Germany  belongs  to  this 
stage. 

2.  Norfolkian, — To  this  stage  belongs  the  Forest  bed  of 
Norfolk,  during  the  formation  of  which  a  climate  prevailed  at 
least  as  temperate  as  that  of  today.  In  Alpine  districts  the 
lignite  of  Leffe  and  elsewhere,  as  well  as  the  interglacial  deposits 
of  the  Hotting  breccia,  indicating  a  climate  warmer  than  that  of 
the  present  day,  correspond  to  this  stage. 

3.  Saxonian.  —  In  this  epoch  the  ice  reached  its  greatest 
expansion.  In  north  Europe  the  formations  of  this  epoch 
extend  to  the  borders  of  the  Carpathians,  the  Sudetic  Mountains, 
the  Erzgebirge  and  the  Thuringian  Mountains.  In  the  Alps,  the 
corresponding  formation  covers  a  more  extensive  area  than  that 
of  the  Scanian  epoch,  while  in  Great  Britain  the  corresponding 
sheet  of  drift  is  more  widespread  than  that  of  any  preceding 
or  following  epoch.  To  this  stage  belongs  the  lower  bowlder 
<:lay  of  the  British  Isles,  the  Lower  Diluvium  of  Holland  and 
morth  Germany,  the  outer  moraines  and  the  associated  gravels 
•of  Alpine  lands,  as  well  as  the  older  moraines  of  the  numerous 
mountain  chains  of  middle  and  southern  Europe. 

4.  Helvetian, — The  character  of  the  flora  and  fauna  is  vari- 
able, being  here  more  arctic  and  there  more  temperate.  To  this 
stage  belongs  the  interglacial  deposits  in  Lanarkshire,  Ayrshire, 
Edinburghshire,  etc.,  and  the  Hessle  gravels  of  East  Anglia,  the 
beach  deposits  of  Sussex,  and  certain  cave  accumulations  of 
mammalian  remains,  the  interglacial  beds  of  Holstein  and  Kott- 
bus,  the  sands  of  Rixdorf,  the  interglacial  beds  of  Moscow  the 
interglacial  deposits  of  Cantal,  as  well  as  numerous  old  river 
deposits  of  the  Thames,  Seine,  Rhine,  etc. 

5.  Polandian. — To  this  stage  belong  the  glacial  and  fluvio- 
glacial  deposits  of  a  Scandinavian  mer  de  glace,  which  was 
smaller    than    the   second,    and   the   similar    deposits   of    Great 
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Britain,  the  Alps  and  other  districts.  This  stage  includes  the 
upper  bowlder  clay  of  the  British  Islands,  the  Upper  Diluvium 
of  central  north  Germany,  Poland  and  central  west  Russia,  the 
ground  and  terminal  moraines  of  the  ** inner  zone"  of  the  Alps, 
together  with  the  attendant  gravels,  and  the  younger  valley 
moraines  in  various  mountain  chains. 

6.  Neudeckian, — The  deposits  of  this  interglacial  stage  are 
best  observed  in  the  southern  coast  lands  of  the  Baltic.  They 
originated  partly  in  salt,  and  partly  in  fresh  water,  and  are  inter- 
calated between  two  ground  moraines,  which  are  designated  the 
lower  and  upper  bowlder  clay  respectively.  The  fauna  points  to 
a  temperate,  not  to  an  arctic  climate. 

7.  Mecklenburgian, — To  this  stage  belong  the  ground  mor- 
aines and  end-moraines  of  the  latest  Baltic  glacier,  and  it  reaches 
its  southern  extremity  in  the  terminal  moraine  of  the  Baltic 
Hohenrucken,  Of  the  same  age  as  these  north  German  deposits 
(Upper  Diluvium  of  northern  north  Germany)  are  the  moraines 
of  the  first  postglacial  stage  in  the  Alps,  the  great  valley  glaciers 
of  the  British  Islands,  the  Yoldia  deposits  of  Scandinavia,  the 
1 00- foot  beach  of  Scotland  with  its  arctic  fauna,  and  certain 
arctic  plant  beds  below  the  Turbaries  of  Great  Britain,  Denmark 
and  Scandinavia. 

8.  Lower  Farestian, — To  this  stage  belong  the  deposits  of 
the  large  fresh  water  lake  (Ancylus-beds)  filling  a  part  of  the 
basin  of  the  Baltic,  the  older  buried  forests  under  the  peat  bogs 
of  northwest  Europe,  and  to  some  extent  the  Scandinavian 
Littorina  beds.  In  the  Alps  no  equivalent  is  known.  The  land 
in  Europe  possessed  at  that  time  a  greater  extent  and  a  warmer 
climate  than  at  the  present  day. 

9.  Lower  Turbarian,  —  Marked  by  expansion  of  the  sea, 
moister  and  colder  climate,  glacial  formations  in  Scotland  and 
Norway,  where  some  of  the  valley  glaciers  extended  to  the  sea, 
though  most  terminated  at  a  considerable  distance  from  it.  In 
the  Alps,  the  deposits  of  the  second  postglacial  stage,  the 
moraines  situated  in  the  inner  valleys,  correspond  to  this  stage. 
This  stage   is  represented  in  Britain  by  certain   peat  beds,  in 
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Scandinavia  by  calcareous  tufa,  and  certain  Littorina  beds  and 
in  Scotland  by  beach  lines. 

10.  Upper  Forestiaft,  —  In  northwestern  Europe  a  second  for- 
est bed,  overlying  8,  represents  this  stage.  The  area  of  land  is 
greater  than  in  the  preceding  glacial  stage,  but  is  still  less  then 
in  the  preceding  interglacial  epoch.  The  flora  and  fauna  indicate 
a  temperate  climate  drier  than  that  of  the  9th  stage. 

1 1 .  Upper  Turbarian.  —  Characterized  by  a  new  advance  of  the 
sea  on  the  land.  The  shores  are  no  longer  reached  by  the  ice, 
but  it  is  highly  probable  that  the  moraines  in  the  upper  parts  of 
the  valleys  of  Scotland  and  Norway,  and  belonging  to  the  last 
glacial  period,  are  of  the  same  age  as  the  lower  beach  lines. 
With  the  close  of  this  glacial  epoch  recent  conditions  begin. 

This  is  the  new  scheme  by  which  Geikie  would  correlate  the 
whole  of  the  European  glacial  deposits.  The  following  is  given 
in  tabular  form,  for  the  sake  of  simplicity. 


Stage. 

Great  Britain. 

Scandinavia. 

Alps. 

North  Germany. 

I. 

C  h  i  lie  sf  ord 

Deposits  of  the 

Oldest  ground- 

Deck  ensch  otter 

clay.      Wey- 

oldest   Baltic 

moraine      of 

and  moraines 

bourn     crag. 

glaciers       in 
Schonen. 

the  Baltic. 

belonging  to 
it. 

2. 

Forest-bed      of 
Norfolk. 

Lignite  of  Lef- 
fe.  Hotting 
breccia. 

3- 

Lower  Bowlder 

Moraines     and 

Lower     Diluvi- 

Outer moraine. 

clay. 

fluvio- glacial 
formations. 

um. 

High  terrace 
gravels. 

4. 

Marine  deposits 
of  Lanark- 
shire,  Ayr- 
shire,   etc.; 
Hessle  grav- 
el, beach  de- 
posits of  Sus- 
sex. 

• 

Peat  bed  in 
Holstein  and 
Lignites  of 
Switzerland 
and  Altgau 
near  Kottbus. 
Sands  of  Rix- 
dorf. 

5. 

Upper  bowlder 

Inner    moraine 

Upper    Diluvi- 

clay. 

and    lower 
terrace  grav- 
els. 

um  south  of 
the  Baltic  ter- 
minal mo- 
raine. 
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Sta^. 

Great  Britain. 

Scandinavia. 

Alps. 

North  Germany. 

6. 

Marine  depos- 
its in  West 
Prussia. 

7. 

\'alley  glaciers 

Yoldia  clay. 

Moraines  of  the 

Upper     Diluvi- 

and   100- foot 

first  post-gla- 

um north   of 

beach      of 

cial  stage. 

the    Baltic 

Scotland. 

terminal  mo- 
raine. 

8. 

Lower   forest- 
bed. 

Ancylus     beds, 
Littorinabeds 
(in  part). 

9. 

Terminal     mo- 

Littorina   beds 

Moraines  of  the 

raines  in  the 

(in  part). 

second    post- 

valleys. 

glacial  stage. 

10. 


II 


Upper  forest 
bed. 

Terminal  mo- 
raines in  the 
upper  parts 
of  the  val- 
leys. 

The  high  authority  of  Professor  Geikie  on  all  questions  con- 
cerning the  European  Ice  Age  has  caused  this  classification,  of 
the  correctness  of  which  Geikie  himself  is  not  thoroughly 
assured,  to  be  received  and  used  as  final  by  many  German  writers 
who  are  not  in  a  position  thoroughly  to  appreciate  the  signifi- 
cance of  the  questions  involved.     Thus  R.  Credner'  writes: 

Folgen  wir  den  Anschauungen,  zu  welchen  neuerlich  einer  der  hervorra- 
eendsten  Glacialgeologen  James  Geikie,  auf  Grund  vergleichender  Unter- 
suchungen  sammtlicher  europaischer  Vergletscherungsgebiete,  vor  Allem  der 
britischen,  der  alpinen  und  der  skandinavischen,  gelangt  ist,  so  haben  wir  fUr 
unser  baltisches  Becken  vier  durch  Interglacialzeiten  von  einander  getrennte 
Eisausbreitungen  anzunehmen ;  und  .  .  .  .  es  entstand  schliesslich,  den 
Rand  des  letzten  baltischen  Eisstromes  andeutend,  der  Zug  echter  £nd- 
morancn,  wcl  'her  in  Gestalt  wallartig  gestalteter  Blockschlittungen  nordi- 
schen  Ursprunges  von  Preussen  bis  nach  Schleswig-Holstein  hinein  den 
Landrilcken  kront. 

In  opposition  to  the  preceding,  and  in  full  concert  with  my  col- 
league in  the  Royal  Prussian  Geological  Survey,  who  with  me  is 

'  Entstehung  der  Ostsee,  pp.  540  and  646. 


Il8  K,  KEILHACK 

concerned  in  the  geological  exploration  and  mapping  of  the 
north  German  plain,  I  am  bound  to  say  that  the  fourfold  classi- 
fication of  the  north  German  glacial  formations,  given  by  Geikie, 
in  no  way  corresponds  to  our  observations,  nor  to  the  statements 
published  in  the  **  Explanations  to  the  geological  special  map  of 
Prussia  and  the  Thuringian  states,"  or  in  the  annual  report  of 
the  Royal  Prussian  Geological  Survey,  and  in  other  places. 
After  many  years  of  careful  work  in  the  territory  referred  to,  we 
find  no  conclusive  reason  for  ascribing  the  ground  moraine, 
designated  by  us  as  the  upper  bowlder  clay,  to  more  than  one 
ice  epoch.  On  the  contrary,  all  of  my  colleagues  who  are  or 
were  occupied  in  the  territory  of  the  terminal  moraine  of  the 
Baltic  range,  are,  like  myself,  firmly  of  the  opinion  that  the 
youngest  ground  moraine  in  front  of  and  behind  the  terminal 
moraine,  was  deposited  at  one  and  the  same  time,  by  one  and 
the  same  7tur  de  glace  distinct  from  and  younger  than  that  which 
deposited  the  upper  bowlder  clay  of  the  territory  of  middle 
north  Germany. 

I  must  next  consider  the  reasons  which  guided  Geikie  in  his 
reference  of  the  Upper  Diluvium  (drift)  of  north  Germany  to 
two  glacial  periods.  They  are  stated  in  the  second  edition  of 
the  Great  Ice  Age^  and  seem  to  me  to  be  essentially  traceable  to 
the  four  following  points  of  view  : 

1.  In  different  localities  the  ground  moraine  of  the  epoch  of 
most  extensive  glaciation  (Saxonian  stage)  contains  (on  account 
of  the  different  directions  of  movement,  radiating  from  the  north 
of  Scandinavia)  bowlders  quite  different  from  the  ground 
moraine  of  the  younger  inland  tner  de  glace ^  which  moved  in  the 
direction  of  the  Baltic.  According  to  Zeise  the  lower  ground 
moraine  of  Schleswig-Holstein,  is,  so  far  as  concerns  its  con- 
stitution, in  no  way  different  from  the  lower  ground  moraine  of 
the  moraine  district,  so  the  former  cannot  be  the  equivalent  of 
the  lower  bowlder  clay  of  the  Mark,  Posen,  etc. 

2.  In  Finland  two  systems  of  glacial  striae  are  developed  ;  an 
older  one,  which  thus  far  has  been  observed  only  outside  the 
territory  enclosed  by  the  terminal  moraine,  and  a  younger  one 
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which  thus  far  has  been  observed  only  inside  the  territory 
enclosed  by  the  terminal  moraine.  The  latter  owes  its  forma- 
tion to  a  glacier  which  moved  in  the  direction  of  the  Baltic,  and 
which  cannot  have  exceeded  the  line  occupied  by  the  terminal 
moraine.  The  ground  moraines  before  and  behind  this  moraine 
must  belong  to  two  different  ice  epochs. 

3.  The  upper  bowlder  clay  of  Great  Britain  contains  Scan- 
dinavian bowlders,  and  the  Scandinavian  mer  de  glace^  in  this 
third  ice  epoch  came  in  contact  with  the  Scottish  one.  But  the 
ice  depositing  the  Upper  Diluvium  of  the  Cimbric  peninsula  did 
not  quite  reach  the  North  Sea;  therefore  this  Upper  Diluvium 
cannot  be  of  the  same  age  as  the  Scottish  Diluvium  of  the 
third  ice  period,  but  must  belong  to  a  later  fourth  ice  period. 
We  come  now  to  a  comparison,  if  we  suppose  that  the  ter- 
minal moraine  of  the  Baltic  range  represents  the  outermost 
edge  of  an  independent  glaciation,  differing  in  point  of  time 
from  that  left  behind  by  the  Upper  Diluvium  of  middle  north 
Germany. 

4.  The  separation  is  also  shown  by  the  appearance  of  the 
interglacial  formations  at  Neudeck  in  West  Prussia. 

On  the  other  hand  we  must  remark  ( i )  that  continual  study  of 
bowlders  in  the  different  ground  moraines  has  convinced  Ger- 
man geologists,  more  and  more,  that  no  fundamental  difference 
in  this  respect,  is  to  be  found ;  that,  in  other  words,  no  single 
stone  can  be  considered  as  a  guide  stone  of  the  ground  moraine 
of  a  definite  ice  epoch  throughout  the  whole  of  its  duration. 
Therefore  we  must  form  no  far  reaching  conclusion  from  the 
local  differences  between  bowlders  belonging  to  two  ground 
moraines  lying  one  over  the  other. 

2.  Geikie  believes  that  the  Finnish  terminal  moraine  is  iden- 
tical in  point  of  time  with  that  of  the  Baltic  range.  The  line  of 
union  which  he  draws  from  east  Prussia  to  Finland  is,  to  my 
knowledge,  purely  hypothetical,  and  supported  by  no  observa- 
tions. I  look  for  the  easterly  continuation  of  the  Baltic  terminal 
moraine  much  farther  south,  in  the  interior  of  Russia,  and  am  of 
the  opinion  that  the  Finnish  terminal  moraine  belongs  with  that 
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of  middle  Sweden  and  southern  Norway,  a  view  which  is  shared 
by  Herr  Vogt  in  Christiania. 

3.  It  seems  to  me  unnecessary  entirely  to  repudiate  the 
opinions  of  the  north-German  geologists  in  order  to  explain  the 
occurrence  of  Scandinavian  bowlders  in  the  upper  bowlder  clay 
of  Great  Britian.  It  remains  also  to  be  proved  that  these  Scan- 
dinavian bowlders  have  not  been  taken  from  the  terminal 
moraines  of  the  second  ice  period  and  incorporated  in  the  drift 
of  the  third,  and  it  may  also  be  questioned  whether  the  ground 
moraine  of  Scotland  with  northern  bowlders  really  belongs  alto- 
gether to  the  third  glacial  period,  or  whether  the  connection  of 
the  Scandinavian  with  the  Scottish  ice  in  the  third  glacial  period 
is  more  than  imaginary.  I  am  prompted  to  raise  these  ques- 
tions, because  there  are  extremely  weighty  reasons  against  the 
acceptation  of  the  Baltic  terminal  moraine  as  the  outermost 
extremity  of  a  separate  (fourth)  glacial  epoch.  On  the  con- 
trary, the  similarity  in  age  of  this  moraine  with  the  so-called 
upper  bowlder  clay  of  the  Mark,  Posen,  etc.,  seems  undisputed. 
I  will  state  these  reasons  more  definitely. 

Of  the  terminal  moraine  of  the  Mark-Brandenburg,  seventy- 
five  square  kilometers  have  been  carefully  mapped  (scale  i :  25,000) 
by  the  geological  survey,  and  the  investigation  and  surveying  of 
the  bordering  territory  on  both  sides  reaches  almost  to  Stettiner 
Haff  in  the  north,  and  nearly  to  the  northern  edge  of  Lausitz  in 
the  south  ;  therefore  the  territory  investigated  stretches  in  round 
numbers  seventy-five  kilometers  from  the  terminal  moraine  in 
both  directions.  I  have  myself  mapped  a  strip  of  country  in  the 
territory  of  the  Baltic  range  between  the  Oder  and  Vistula 
extending  thirty-four  kilometers  from  east  to  west,  and  lOO 
kilometers  from  north  to  south.  The  terminal  moraine  passes 
through  this  strip  for  a  distance  of  forty-five  kilometers,  and  a 
territory  twelve  to  twenty-four  kilometers  in  breadth  south  of 
the  terminal  moraine  is  included  within  it.  I  have  also  by  gen- 
eral surveying  of  the  500  kilometers  of  terminal  moraine  between 
the  Oder  and  the  Vistula,  crossed  the  range  in  many  places. 
All    this   work,  and  particularly  the   special   mapping  of  about 
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150  field  sheets  (i  125,000)  has  now  shown  that  the  upper- 
most bowlder  clay  north  and  south  of  the  terminal  moraine  are 
identical,  that  they  belong  to  one  glacial  epoch,  and  that  one 
sees  in  the  terminal  moraine'  not  the  external  margin,  but  only  a 
stage  of  retreat  of  the  latest  glacier  of  these  countries.  In  numer- 
ous places  the  ground  moraine  passes  smoothly  under  the  terminal 
moraine  and  in  this  manner  several  bridges  are  formed  between 
the  inner  and  outer  ground  moraine,  and  their  identity  is  so 
firmly  established,  that  stronger  arguments  than  Geikie's  are 
required  to  overturn  the  results  of  long  years  of  careful,  special 
inquiry.  Those  parts  of  the  ground  moraine  passing  under  the 
terminal  moraine  are  joined  together  in  large  masses  to  the  north 
and  south  with  the  extensive  ground  moraines  which  Geikie 
maintains  belong  to  two  different  ice  epochs. 

4.  By  mentioning  as  proof  of  his  position,  the  existence  of 
marine  interglacial  formations  at  Neudeck  in  West  Prussia,  Giekie 
plainly  reaches  a  false  conclusion,  for  he  assumes  what  has  still 
to  be  proven,  that  the  last  ground  moraine  but  one  of  Neudeck 
is  of  the  same  age  as  the  last  (uppermost)  ground  moraine 
south  of  the  Baltic.  Without  this  proof  the  marine  layers  of 
Xeudeck  have  no  demonstrative  significance,  especially  as  their 
underlying  beds  are  not  known,  and  no  observations  have  been 
made  as  to  the  number  of  ground  moraines  beneath  them. 
Granted,  however,  that  Geikie's  view  is  right,  that  the  Baltic  ter- 
minal moraine  is  the  southern  limit  of  a  distinct  glaciation,  one 
cannot  understand  why  each  of  the  other  terminal  moraines  of 
north  Germany  may  not  also  represent  the  edge  of  the  ice  during 
a  distinct  glacial  period.  On  this  basis  the  so-called  **last  gla- 
cial epoch  "  would  have  to  be  divided  into  four  if  not  five  epochs, 
so  that  even  the  most  fanatical  advocate  for  as  many  glacial 
periods  as  possible  would  be  terrified. 

I  sec  a  farther  argument  against  Geikie's  classification  in  the 
great  difficulties  of  his  comparison  and  in  the  inequality  of  the 
layers  placed  in  the  same  stage.    While  with  regard  to  tli.e  older 

'  I  think  Dr.  Keilhack  here  uses  "terminal  moraine*'  in  the  German,  not  in  the 
American  sense  (see  p.  136  this  number  of  this  Journai,).     R.  D.  S. 
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glacial  periods  there  is  a  satisfactory  conformity  between  the  ice 
expansions  of  Great  Britain  and  those  of  north  Europe  and  the 
Alps,  such  conformity  is  altogether  wanting  in  Geikie's  assumed 
fourth  epoch.  The  Baltic  glacier  supposed  by  him  to  belong  to 
the  fourth  period  is  still  of  such  immense  size,  and  is  so  little 
inferior  to  those  of  the  earlier  epochs,  that  it  is  almost  impossible 
to  correlate  it  with  the  valley  glaciers  of  the  Alps  which  Penck 
has  described,  and  it  seems  to  me  with  perfect  right,  as  repre- 
senting only  postglacial  episodes.  Hensen  has  regarded  the 
similar  deposits  of  Norway  as  epiglacial  projections  of  existing 
glaciers.  A  graphic  representation,  such  as  that  of  Fig.  i  shows 
better  than  words  can,  the  unnaturalncss  of  Geikie's  classification. 
If  we  suppose  the  expansion  of  the  north  European  and  Alpine 
glaciations  to  be  expressed  by  lines  which  represent  the  extent 
of  glaciation  from  the  northern  end  of  the  Gulf  of  Bothnia,  and 
from  the  central  Alps  respectively,  and  if  the  lines  which  repre- 
sent the  greatest  extremity  of  ice  be  represented  by  unity  in 
both  cases,  we  obtain  the  proportions  expressed  by  the  follow- 
ing figures : 

Alps,  scale  i :  3,400,000. 

I.  I \ 1 

n.  I 1 

m.  I 1 

IV.  I 1 

North  Europe,  scale  I  :  23,500,000. 

I.  I 1 


n.  I- 
m.  \ 


IV.  I 1 

If,  however,  one  considers  the  Baltic  terminal  moraine  as 
well  as  all  others  which  lie  further  south,  only  as  stages  in  the 
retreat  of  a  single  ice-sheet,  as  the  Prussian  Geological  Survey 
has  done,  and  so  unites  Geikie's  No.  3  and  No.  4  into  No.  3,  all 
difficulties  of  comparison  at  once  disappear,      i,  2  and  3,  in  north 
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Europe  correspond  respectively  with  i,  2  and  3  in  the  Alps,  and 
the  small  extension  of  ice  in  the  fourth  and  fifth  ice  epochs,  recog- 
nizable in  the  Alps,  Norway,  and  Scotland,  and  of  approximately 
equal  extent,  are  represented  in  north  Germany,  not  by  the  reap- 
pearance of  a  mer  de  glace^  but  by  climatic  depressions  only. 

On  the  other  hand  1  can  agree  with  Geikie  in  his  view  that 
the  principal  glacial  period  (Saxonian  stage)  is  the  second  gla- 
cial epoch,  which  had  a  predecessor  in  the  so-called  Scanian 
stage.  The  undeniable  proof  of  three  extensive  glaciations  of 
the  Alps  must  awaken  the  suspicion  that  the  north  European 
glacial  period  also  possesses  a  threefold  division,  and  this  sus- 
picion would  be  increased  still  more  in  the  mind  of  the  present 
writer,  by  a  number  of  other  phenomena.  The  reason,  however, 
why  the  special  surveying  has  so  far  produced  no  conclusive 
evidence  of  a  pre-Saxonian  glacial  period,  lies  simply  in  the  fact 
that  the  mapping  has  been  confined  almost  exclusively  to  dis- 
tricts in  which  no  ground  moraines  of  the  inland  ice  of  the 
Scanian  stage  exists,  but  where  the  deposits  of  this  epoch  are 
almost  exclusively  fluvio-glacial,  and  these  for  the  most  part 
fine.  It  is  known,  morever,  that  such  formations  in  north  Ger- 
many found  due  appreciation  much  later  than  those  in  the  Alps, 
and  that  today  even  eminent  geologists,  such  as  H.  Credner,  will 
not  acknowledge  that  they  possess  any  demonstrative  power. 
What  has  led  me  to  recognize  in  the  lower  sands  and  clays  of 
the  Diluvium  of  middle  north  Germany  the  fluvio-glacial  equiv- 
alent of  a  glacial  period  older  than  that  which  deposited  the 
lower  bowlder  clay  of  the  Mark,  is  the  fact  that  between  these 
layers  are  to  be  found  a  flora  and  fauna  which  point  to  a  mild, 
temperate  climate  like  that  of  today,  if  not  indeed  a  warmer 
one.  Because,  however,  the  underlying  layers  contain  certain 
northern  material,  such  as  feldspar,  fragments  of  bryozoans, 
flints,  and  occasionally  even  large  bowlders,  the  conclusion  is 
not  to  be  gainsaid  that  the  ice  lay  at  no  very  great  distance  from 
the  territories  in  which  those  northern  sands  were  deposited. 
The  superimposed  layers,  however,  contain  a  forest  vegetation 
with  deciduous  trees,  a  water  vegetation  with  plants  of  southerly 
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character,  such  as  Trapa  natans,  and  even  Cratopleura.  Such, 
however,  can  never  thrive  in  a  flat  country,  if  the  latter  is  partly 
covered  with  glacier  ice  and  the  climate  of  that  country  arctic. 
Therefore  a  period  with  a  warm  climate  must  necessarily  have 
existed  between  the  deposition  of  the  oldest  northern  sands  and 
those  of  the  ground  moraine  of  the  lower  bowlder  clay,  and  there- 
fore for  north  Germany  a  third  oldest  period  must  be  assumed 
besides  the  two  glacial  periods  which  deposited  the  upper  and 
lower  bowlder  clay.  The  ground  moraines  of  this  oldest  glacial 
period  I  recognize  not  only  in  Schonen,  but  also  in  the  deepest 
ground  moraines  of  the  Baltic  range,  especially  in  that  part  of 
it  lying  to  the  east  of  the  Oder.  On  the  other  hand,  no  obser- 
vations have  hitherto  been  made  which  point  to  an  extension  of 
these  ground  moraines  in  the  district  south  of  the  range. 

If  I  attempt  at  the  conclusion  of  these  remarks,  which  I  con- 
sider necessary  for  the  verification  and  defense  of  the  stand- 
point adopted  in  the  official  survey  in  north  Germany,  to  give  a 
classification  of  the  north  German  diluvial  deposits  in  tabular 
form,  I  beg  that  this  attempt  may  be  considered  only  as  a  pri- 
vate opinion,  which  I  should  like  to  submit  to  a  wider  circle,  for 
criticism  and  examination. 

PreglaciaL — Not  yet  determined  with  certainty.  No  deposits 
between  the  Miocene  and  the  first  glacial  epoch  certainly  recog- 
nized. 

First  glacuil  epoch, —  Oldest  ground  moraines  in  the  region  of 
the  cast  Baltic  Lake  district.  Fluvio-glacial  formations,  rcach- 
ingr  to  Hanover,  and  the  southern  part  of  the  Mark,  c,  g.,  the 
sands  under  the  deposits  of  the  first  intcrglacial  period. 

First  intcrglacial  epoch. —  Clays  and  marls  rich  in  Paludina 
(Paludina  deposits)  in  the  understratum  of  Berlin.  Peat  of 
Klinge  near  Kottbus.  Fresh  water  lime  of  the  Flaming  (Belzig, 
Gorzke,  Zicsar)  and  of  the  heath  of  Luneberg.  Diatomaceous 
layers  of  the  Soltau,  Obcrohe  and  Rathenow.  Yoldia  clay  in 
West  Prussia,  Cyprina  clay  in  Holstein,  fauna  of  Burg  in  western 
Holstcin,  Cardium  sands  of  Laucnburg,  etc. 
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Seco fid  glacial  epoch. —  Lower  bowlder  clay  of  north  Germany. 
Red  bowlder  clay  of  the  Altmark  ;  numerous  fluvio-glacial  sands 
and  clay  (Glindower  clay)  under  and  over  it. 

Second  interglacial  epoch, —  Mammalian  fauna  of  Rixdorf, 
marine  and  fresh  water  deposits  of  west  and  east  Prussia,  oyster- 
banks  of  Slade,  Blankanese,  Fahrenkrug;  peat  of  Lauenburg, 
Beldorf ,  Fahrenkrug,  and  elsewhere.  Calcareous  tufas  of  Madge- 
burg,  fresh  water  formations  of  Rathenow  and  the  district  of 
Potsdam. 

Third  glacial  epoch, —  Upper  bowlder  clay  of  north  Germany. 
Terminal  moraines  of  the  Baltic  Range  and  more  southerly  dis- 
tricts. Valley  sands  of  the  great  valleys  and  ice-dammed  seas. 
Clayey  deposits  (valley  clay,  Deckthon). 

Postglacial  epoch, — Arctic    flora   beyond  the  north  German 

Turbaries. 

K.  Keilhack. 

Berlin. 


THE  AVERAGE  SPECIFIC  GRAVITY  OF  METEORITES. 

In  order  to  determine  for  purposes  of  hypothesis  the  density 
of  a  body  formed  by  the  aggregation  of  a  multitude  of  meteorites, 
it  is  desirable  first  to  learn  the  average  specific  gravity  of  those 
which  have  thus  far  fallen  to  the  earth. 

The  writer  is  aware  of  but  one  attempt,  the  results  of 
which  have  been  published,  to  determine  this  quantity  in  a 
general  way.  These  results  are  given  in  a  paper  by  Rev.  E.  Hill 
in  the  Geological  Magazine  for  1885.'  From  Flight's  ** Chap- 
ters on  Meteorites*'  this  writer  obtained  the  specific  gravi- 
ties of  sixty-five  different  masses.  The  addition  of  these  and 
division  by  65  gave  4.84  as  an  average  specific  gravity.  As  this 
result  took  no  account  of  the  weights  of  the  specimens, 
however,  a  recalculation  was  made  from  those  whose  weights 
and  specific  gravities  were  known,  and  an  average  of  5.71  obtained. 
As  this  sum  again,  however,  included  the  great  Cranbourne 
meteorite,  whose  weight  of  3  J^  tons  far  exceeded  that  of  all  the 
rest,  all  masses  over  250  pounds  in  weight  were  excluded.  From 
the  52  cases  thus  averaged,  a  specific  gravity  of  4.58  was  obtained. 

Another  method  of  arriving  at  the  desired  result  was  based 
on  the  ratio  of  metallic  to  stony  meteorites,  as  they  occur  in  the 
British  Museum  collection.  This  ratio  is  205  stony  to  55  metallic 
meteorites.  Separating  according  to  this  ratio  the  57  cases 
referred  to,  an  average  specific  gravity  of  4.55  was  obtained. 

R.  P.  Greg  has  also^  found  the  specific  gravity  of  about  70 
stony  meteorites  to  be  3.4.  He  says,  however,  that  **  as  those 
possessing  the  smallest  specific  gravity  are  necessarily  the  most 
destructible  and  fragile,  and  after  meteoric  explosion  less  likely 
to  arrive  on  the  surface  of  the  earth  in  an  entire  or  tangible 
state,  we  may  very  fairly  take  their  average  density  nearer  the 

'New  Series,  Decade  III,  Vol.  II,  p.  516. 
^  London  Phil.  Mag.,  4th  Series,  Vol.  VIII,  p.  337. 
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mean  of  these  two  extremes,  say,  3.0."  As  this  density  is  inter- 
mediate between  that  of  Mars,  5.3,  and  Jupiter,  1.4,  he  considers 
it  as  confirming  the  theory  that  meteorites  belong  to  the  series 
of  planets,  and  have  their  orbits  at  a  greater  mean  distance  than 
that  of  the  earth's  from  the  sun. 

A  careful  consideration  of  the  results  above  quoted  makes  it 
difficult  to  accept  any  of  them  as  final.  The  chief  objection  to 
Hiirs  results  lies  in  the  fact  that  there  can  be  no  assurance 
that  the  57  cases  which  were  listed  by  Flight,  represented 
the  average  constitution  of  meteoric  matter.  Only  an  average 
obtained  from  the  largest  number  of  cases  possible  can  be 
considered  trustworthy,  even  though  such  an  inquiry  involve, 
as  Hill  states,  **  enormous  labor  of  research."  Again,  it  should 
be  borne  in  mind  that  all  the  data  which  can  at  best  be 
obtained,  form  but  a  small  part  of  the  whole,  so  that  it  is 
desirable  that  the  relation  of  this  part  to  the  whole  should  be 
determined  as  accurately  as  possible.  Daubree  has  calculated' 
that  the  fall  of  a  meteorite  on  some  portion  of  the  earth  is  a 
phenomenon  of  daily  occurrence,  yet  the  number  of  observed 
falls  during  the  past  century  has  averaged  not  over  one  for 
every  four  months.  This  gap  between  possible  and  observed 
falls,  due,  of  course,  to  the  fact  that  a  large  portion  of  the 
earth's  surface  is  covered  by  water,  or  is  uninhabited  by  persons 
capable  of  intelligent  observation,  makes  the  collection  of  as 
large  a  number  of  data  in  regard  to  observed  falls  as  possible, 
desirable. 

It  is  only,  however,  during  the  present  century  that  any  sys- 
tematic record  of  meteorite  falls  has  been  made  at  all.  To 
include  specimens  preserved  from  earlier  falls,  is,  therefore, 
likely  to  weaken  rather  than  strengthen  the  probability  of  accu- 
racy in  the  average. 

Again,  it  seems  incorrect  to  include  any  meteoric  **  finds  "  in 
obtaining  data  for  the  desired  average.  The  stony  meteorites, 
owing  to  the  oxidation  of  the  metallic  grains  which  they  contain, 
and  the  easy  decomposability  of  olivine  and  others  of  their  mineral 

*Annales  des  Mines,  1868. 
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constituents,  disintegrate  and  decay  far  more  rapidly  than  the 
metallic.  The  metallic  meteorites  are,  therefore,  likely  to  be 
found  long  after  stony  ones  of  their  time  have  gone  to  decay. 
The  unusual  weight  of  the  metallic  meteorites,  moreover,  and  the 
silvery  appearance  of  their  interior,  often  lead  to  their  being  picked 
up  and  preserved  where  the  stony  meteorites  escape  observation. 
That  the  metallic  meteorites  are  much  more  likely  to  be  found 
than  the  stony,  is  indicated  by  the  fact  that  of  263  meteorite 
** finds"  now  preserved  in  collections,  205  are  wholly  metallic,  28 
largely  so  and  only  30  are  stony.  To  determine  the  average  specific 
gravity  of  meteoric  matter  by  striking  an  average  of  meteorites 
preserved  in  collections,  seems,  therefore,  manifestly  incorrect. 

The  amount  of  the  correction  which,  according,  to  Greg 
should  be  made  for  meteoric  matter  that  does  not  reach  the 
earth  in  an  entire  or  tangible  state,  must  be  at  best  a  matter  of 
speculation.  I  am  of  the  opinion  that  the  amount  of  such 
meteoric  dust  which  reaches  the  earth  is  small,  for  few  traces  of 
it  have  ever  been  found.  Since  its  amount  is  probably  small  and 
its  specific  gravity  can  only  be  guessed,  1  have  thought  it  safe 
to  omit  it  altogether  from  the  calculation. 

Considering,  then,  the  desirability  of  using  as  many  data  as 
possible  while  at  the  same  time  excluding  all  that  might  be  mis- 
leading, I  can  think  of  no  better  method  of  arriving  at  the  desired 
result  than  to  determine  the  average  specific  gravity  of  the 
meteorites  observed  to  fall  during  the  past  one  hundred  years, 
this  being  the  period  within  which  a  fairly  complete  record  of 
meteorite  falls  has  been  kept.  Such  a  method,  will,  of  course, 
exclude  a  large  number  of  metallic  meteorites  with  high  specific 
gravity,  for  only  seven,  or  at  most  eight,  of  these  have  been 
known  to  fall  within  the  past  century.  But  it  is  not  unreason- 
able to  suppose  that  these  may  represent  the  proportion  of  iron  to 
stone  falls  in  all  periods  of  the  earth's  history  ;  for,  as  has  been 
stated,  the  iron  meteorites  found  may  have  endured  for  many  cen- 
turies, while  the  stony  ones  of  similar  epochs  have  gone  to  decay. 

Greg'  has  considered  the  proportion  of  stone  to  iron  falls  to 

*■  London  Phil.  Mag.,  4th  Ser.,  Vol.  VllI,  p.  453. 
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be  25  to  I.  I.  £".,  that  96  per  cent,  of  all  meteorites  that  fall  con- 
sist of  stony  matter.  Hence  it  may  be  assumed  that,  for 
34  iron  masses,  for  example,  found,  25  times  as  many  or  850 
stone  falls  have  taken  place.'  The  ratio  deduced  from  the  falls 
of  the  last  century  would  be  somewhat  higher  than  this,  viz.,  40 
to  I.  There  is,  therefore,  strong  reason  for  belief  that  there  is 
normally  a  great  excess  of  stone  over  iron  falls.  The  alterna- 
tive supposition,  which  has  been  urged  by  some,  is  that  metallic 
falls  have  been  more  abundant  during  earlier  periods  of  the  earth's 
history  than  now,  but  there  is  no  proof  that  these  were  not 
accompanied  by  a  similar  proportion  of  stone  falls  to  that  which 
now  prevails. 

If  it  be  granted  that  the  desired  average  can  best  be  obtained 
from  the  observed  falls  of  the  past  century,  then  again  there 
must  be  recognized  the  fact  that  data  for  calculation  on  this  basis 
suffer  serious  limitations  owing  to  the  lack  of  records  of  the  spe- 
cific gravity  and  weight  of  many  of  the  falls.  The  specific  gravity, 
so  far  as  known,  of  most  of  the  falls  up  to  i860,  can  be  found  in 
Buchner's  catalogue,"  but  since  that  time  analysts  have  been 
lamentably  negligent  in  giving  specific  gravities  in  their  published 
descriptions  of  meteorites.  In  searching  for  weights  of  falls  too, 
one  finds  great  scarcity  of  data,  the  records  of  earlier  falls  being 
most  at  fault  in  this  respect.  But  though  the  amount  of  data 
obtainable  is  comparatively  small,  enough  is  at  hand  to  permit 
conclusions  of  value. 

Brezina's  latest  catalogue  3  gives  298  falls  as  having  taken 
place  since  the  Wold  Cottage  fall  of  1795.  For  175,  or  more 
than  one-half  of  these,  I  have  been  able  to  find  specific  gravities 
given  in  some  one  or  more  of  the  records.  These  range  between 
1.70  for  Alais  to  7.84  for  Cabin  Creek,  but  by  far  the  larger 
number  lie  between  3  and  4  in  specific  gravity.  The  average 
obtained  from  these  175  cases  is  3.65. 

'  There  is  evidently  a  clerical  error  in  his  statement  that  96  times  as  many,  or 

3624  stone  falls  may  have  taken  place. 

*I)ie  Meleoriten  in  Sammlungen,  Dr.  Otto  Buchner,  Leipzig,  1863. 

^Annalen  der  K.  K.  Naturhistorisches  Hof  Museum,    Band  X,  Ileft  3  und  4, 
Vienna,  1896. 
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As  noted  by  Hill,  however,  an  accurate  result  can  only  be 
obtained  by  taking  into  account  the  weights  of  the  specimens, 
since  a  number  of  small  weights  of  high  or  low  specific  gravity 
would  considerably  raise  or  lower  an  average  obtained  from 
individual  specific  gravities,  while  their  effect  on  the  density  of  a 
mass  made  up  of  large  weights  of  nearly  uniform  specific  gravity 
would  be  insignificant. 

Unfortunately,  a  calculation  on  this  basis  reduces  somewhat 
the  number  of  cases  from  which  an  average  can  be  drawn,  since 
in  many  of  the  cases  where  specific  gravity  is  given,  no  record  of 
the  weight  of  the  meteorites  can  be  obtained.  By  considerable 
searching,  however,  I  have  been  able  to  obtain  records  of  142 
falls,  the  specific  gravity  and  weights  of  which  are  known.  These 
include,  fortunately,  all  but  one  of  the  metallic  meteorites  and 
most  of  the  larger  falls,  such  as  Weston,  Juvenas,  New  Concord, 
Estherville,  Mocs,  Alfianello  and  Winnebago  county.  By  reduc- 
ing these  weights  to  the  unit  of  water,  adding  and  dividing,  an 
average  of  3.69  is  obtained  for  the  whole,  a  result  nearly  in  accord 
with  that  deduced  from  the  specific  gravities  alone. 

It  is  possible  that  from  records  of  a  larger  number  of  falls,  a 
slightly  different  average  might  result,  but  it  seems  fair  to  assume 
that  the  difference  would  not  be  more  than  .2  or  .3  from  the 
figures  given.  Until  further  data  are  at  hand,  therefore,  the  value 
of  3.69  may  be  regarded  a  fair  one  for  the  average  specific  gravity 
of  the  meteoric  matter  which  has  come  to  the  earth  within  the 
period  of  intelligent  human  observation. 

To  determine  the  probable  density  of  a  body  formed  by  the 
aggregation  of  such  matter  is  not  a  part  of  the  purpose  of  this 
article,  for  this  involves  elaborate  considerations  of  the  effects 
of  pressure.  The  present  investigation  has  at  least  shown  how 
desirable  it  is  that  those  who  in  the  future  publish  descriptions 
of  meteorites  should  take  pains  to  determine  the  specific  gravity 
and  weight  of  each  fall.  The  accurate  statement  of  these  will  be 
of  great  service  in  further  investigation. 

Oliver  C.  Farrington. 


DRIFT   PHENOMENA  IN  THE  VICINITY  OF   DEVIL'S 
LAKE  AND  BARABOO,  WISCONSIN.' 

The  study  of  the  drift  about  Devil's  Lake  and  Baraboo,  Wis- 
consin,  has  brought  out  facts  and  relations  of  more  than  local 
interest,  which  it  is  the  aim  of  this  paper  to  state. 

Location. — The  region  is  in  the  central  part  of  the  southern 
half  of  the  state,  about  thirty-five  miles  northwest  of  Madison, 
and  on  the  western  limit  of  the  area  covered  by  the  Green  Bay 
lobe  of  the  last  great  ice-sheet — the  ice-sheet  which  deposited 
the  Wisconsin  drift.  Since  the  ice  of  this  epoch  advanced  as 
far  to  the  west  in  this  region  as  that  of  any  earlier  epoch,  the 
region  concerned  is  also  on  the  border  between  the  glaciated 
country  to  the  east,  and  the  driftless  area  to  the  west. 

General  topographic  relations, — The  accompanying  map,  Fig. 
I,  shows  the  surroundings  of  the  region  especially  concerned, 
and  Fig.  2  the  topography  of  a  small  area  about  Devil's  Lake. 
Extending  in  a  general  east-west  direction  and  rising  500  feet 
to  800  feet  above  the  surrounding  country,  is  the  great  Bara- 
boo quartzite  range  (shaded  area  Fig.  i)  in  which  Devil's  Lake 
[a)  is  situated.  This  range,  and  especially  the  larger  range 
to  the  south,  is  the  most  prominent  topographic  feature  of  the 
region,  and,  as  will  be  seen,  had  not  a  little  influence  on  the 
behavior  of  the  ice  at  its  margin.  Devil's  Lake  divides  the 
range  into  an  eastern  and  a  western  portion,  known  respectively 
as  the  east  and  west  bluffs  (or  ranges).  The  highest  point  of 
the  range,  about  four  miles  east  of  the  lake,  has  an  altitude  of 
1620  feet.     The  eastward  extension  of  the  west  range  (see  Fig. 

'This  paper  is  based  on  work  done  in  connection  with  the  field  course  in  geology 
in  The  University  of  Chicago.  Other  students  than  those  whose  names  appear  in 
connection  with  this  article,  had  something  to  do  with  the  development  of  the  facts 
here  set  forth.  This  is  especially  true  of  Messrs.  H.  R.  Caraway,  E.  C.  Perisho,  D.  P. 
Nicholson,  L.  Wolfif  and  O.  J.  Arnold. 
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2 ) ,  lying  south  of  the  lake,  and  popularly  known  as  the  "  Devil's 
Nose,"  has  an  elevation  of  1500  feet. 

North  of  the  main  range  there  is  a  lesser  ridge  of  quartzite, 
more  or  less  interrupted,  rising  300  feet  to  500  feet  above  the 


(]UBrUit< 


Baraboo  River,  and  reaching  its  greatest  prominence  at  the 
"Lower  Narrows"  of  that  stream  [6,  Fig.  i).  Between  these 
quartzite  ranges  is  the  capacious  valley,  partly  tilled  with  drift, 
through  which  the  Baraboo  River  flows. 

About  the  quartzite  ranges,  and  within  the  area  covered  by 
the  ice,  the  surface  is  marked  by  those  varied  features  which 
usually  affect  the  surface  of  a  region  heavily  covered  with  drift. 


DRIFT  PHENOMENA  IN  WISCONSIN 


133 


West  of  the  limit  of  the  ice,  the  topography  is  equally  character- 
istic of  the  driftless  area,  though  modified  along  the  flats  by  the 
deposits  of  the  glacial  drainage. 


Fig.  2.  Topographic  map  (contour  inlerval  100')  of  a  small  area  about  Devil's 
Like,  taken  from  the  Baraboo  ibeet  of  the  U.  S.  Geological  Survey.  The  dotted  well- 
tin  continuatiODS  of  the  contours  represent  eiteQSions  of  the  contours  beyond  the  pub- 
llihed  map. 

Ice  movement. — From  the  course  of  the  strix,  it  is  known 
that,  as  the  ice  advanced  into  this  region,  its  general  direction 
of  motion  was  west-southwest.  This  is  in  accord  with  the  gen- 
eral direction  of  movement  in  the  western  ))ortion  of  the  Green 
Bay  lobe.     The  location  and  direction  of  recorded  strix  appear 
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on  the  map  shown  in  Fig.  i.  With  but  one  exception  they 
vary  from  W.  20°  S.  to  W.  30°  S.  The  exceptional  direction, 
W.  60°  S.,  is  found  on  the  north  side  of  the  main  quartzite  range 
{c,  Fig.  i),  where  the  normal  deploying  of  the  ice  was  pre- 
vented by  the  steep  face  of  the  bluff.  It  illustrates  the  tendency 
of  glacier  ice  to  move  in  a  direction  essentially  at  right  angles 
to  its  margin. 

The  terminal  moraine. — The  limit  of  the  ice  advance  is 
marked  by  a  well  defined  terminal  moraine,  the  outer  margin  of 
which  west  of  the  Wisconsin  River  is  shown  on  the  accompany- 
ing map  (Fig.  i).  Swinging  southward  from  Kilbourn  City  in 
in  gentle  curves,  it  turns  westward  in  the  great  valley  between 
the  quartsitc  ranges,  and  then  loops  back  to  the  east  along  the 
north  face  of  the  quartzite  range  nearly  seven  miles  before  crossing 
it.  Across  the  crest  of  this  range  it  turns  promptly  to  the  west 
in  the  valley  between  the  east  range  and  the  Devil's  Nose.  About 
the  elevation  which  bears  this  name,  the  moraine  again  loops 
back  to  the  east,  and  after  rounding  the  '*Nose'*  turns  promptly 
to  the  west.  After  following  this  direction  for  about  two  miles, 
it  turns  southward,  reaching  the  Wisconsin  River  about  seven 
miles  below  Merrimac. 

On  the  low  lands,  the  terminal  moraine  has  the  characteristics 
which  usually  affect  such  formations.  In  width  it  varies  from  half 
to  three-quarters  of  a  mile.  Approached  from  the  west,  that  is, 
from  the  driftless  side,  it  is  a  somewhat  prominent  topographic 
feature,  often  appearing  as  a  ridge  thirty,  forty  or  even  fifty  feet 
in  height.  Approached  from  the  opposite  direction  it  is  notably 
less  prominent,  and  its  inner  limit,  wherever  located,  is  a  more  or 
less  arbitrary  line.  Beyond  its  notably  irregular  course,  the  ter- 
minal moraine  on  the  low  lands  about  the  quartzite  ranges  pos- 
sesses no  unusual  features.  A  deep,  fresh  cut  southeast  of  the 
lake  illustrates  its  complexity  of  structure,  a  complexity  which 
is  probably  no  greater  than  that  of  terminal  moraines  at  many 
points  where  less  well  exposed.  The  section  is  represented  in 
Fig.  3.  The  stratified  sand  to  the  right  preserves  even  the  ripple 
marks  which  it  received  when  deposited.    To  the  left,  at  the  same 
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level,  there  is  a  body  of  till  over  which  is  a  bed  of  stoneless  and 
apparently  structure  less  clay.  In  a  depression  just  above  the  clay, 
with  till  both  to  the  right  and  left,  is  a  body  of  loam  which  pos- 
sesses the  normal  characteristics  of  loess,  both  as  to  constitution 
and  structure.  It  also  contains  calcareous  concretions,  but  no 
shells  are  found. 


Fic  3-  Section  o(  the  moraine  southenEt  of  Devil's  Lake,  as  exposed  in  a  rail- 
way cut  (1896). 

Away  from  the  ridges  the  outer  face  of  the  moraine  from 
Kilbourn  City  to  Prairie  duSac  is  bordered  byoverwash  plains,  or 
morainic  aprons,  in  their  normal  positions  and  relations,  except 
ihat  in  one  locality  just  west  of  Barbaoo  and  south  of  the  river, 
the  moraine  edge  of  the  overwash  plain  is  built  up  even  with  the 
crest  of  the  moraine  itself. 

The  margin  of  the  ice  across  the  quartzile  range. — In  tracing  the 
moraine  over  the  greater  quartzite  range,  it  is  found  to  possess  a 
unitjue  feature  in  the  form  of  a  narrow  but  sharply  defined  ridge 
of  drift,  formed  at  the  extreme  margin  of  the  ice  at  the  time  of 
its  maximum  advance.  For  fully  eleven  miles,  with  but  one 
decided  break,  and  two  short  stretches  where  its  development  is 
not  strong,  this  unique  marginal  ridge  separates  the  drift-covered 
country  on  the  one  hand,  from  the  driftless  area  on  the  other.  In 
its  course  the  ridge  lies  now  on  slopes,  and  now  on  summits,  but 
in  both  situations  preserves  its  identify.  Where  it  rests  on  a  plain, 
or  nearly  plain  surface,  its  width  at  base  varies  from  six  to  fifteen 
rods,  and  its  average  height  is  from  twenty  to  thirty  feet.  Its 
crest  is  narrow,  often  no  more  than  a  single  rod.  Where  it  lies 
on  a  slope,  it  is  asymmetrical  in  cross  section   (see  Fig.  4),  the 
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shorter  slope  having  a  vertical  range  of  ten  to  thirty-five  feet,  and 
its  longer  a  range  ol  forty  to  one  hundred  feet.  This  asym- 
metrical form  'persists  throughout  all  that  portion  of  the  ridge 
which  lies  on  an  inclined  surface,  the  slope  of  which  does  not 
correspond  with  the  direction  of  the  moraine.  Where  it  lies  on  a 
flat  surface,  or  an  inclined  surface  the  slope  of  which  corresponds 
in  direction  with  the  course  of  the  ridge  itself,  its  cross  section 


Fig.  4  Fig.  s 

Fig.  4.  Diagrammatic  cross  section  of  the  marginal  ridge  as  it  occurs  on  the  south 
slope  of  the  DeviFs  Nose.  The  slope  below,  though  glaciated,  is  nearly  free  from 
drift. 

Fig.  5.  Diagrammatic  cross  section  of  the  marginal  ridge  as  it  appears  when  its 
base  is  not  a  sloping  surface. 

is  more  nearly  symmetrical  (see  Fig.  5).  In  all  essential  char- 
acteristics this  marginal  ridge  corresponds  with  the  End-Mordne 
of  the  Germans. 

For  the  sake  of  bringing  out  some  of  its  especially  signif- 
icant features,  the  ridge  may  be  traced  in  detail,  commencing  on 
the  south  side  of  the  west  range.  Where  the  moraine  leaves  the 
lowlands  south  of  the  Devil's  Nose,  and  begins  the  ascent  of  the 
prominence,  the  marginal  ridge  first  appears  at  about  the  940- 
foot  contour  (^  Fig.  2).  Though  at  first  its  development  is  not 
strong,  few  rods  have  been  passed  before  its  crest  is  fifteen  to 
twenty  feet  above  the  driftless  area  immediately  to  the  north  (see 
Fig.  4)  and  from  forty  to  one  hundred  feet  above  its  base  to  the 
south,  down  the  slope.  In  general  the  ridge  becomes  more 
distinct  with  increasing  elevation,  and  except  for  two  or  three 
narrow  post-glacial  erosion  breaks,  is  continuous  to  the  very 
summit  at  the  end  of  the  Nose  {b  Fig.  2).  The  ridge  in  fact 
constitutes  the  uppermost  forty  or  forty-five  feet  of  the  crest  of 
the  Nose,  which  is  the  highest  point  of  the  west  range  within  the 
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area  shown  on  the  map.  Throughout  the  whole  of  this  course 
the  marginal  ridge  lies  on  the  south  slope  of  the  Nose,  and  has 
the  asymmetrical  cross  section  shown  in  Fig.  4  ;  above  (north  of) 
the  ridge  at  most  points  not  a  bowlder  of  drift  occurs.  So 
sharply  is  its  outer  (north)  margin  defined,  that  at  many  points 
it  is  possible  to  locate  it  within  the  space  of  less  than  a  yard. 

At  the  crest  of  the  Nose  {b  Fig.  2)  the  marginal  ridge,  without 
a  break,  swings  northward,  and  in  less  than  a  quarter  of  a  mile 
turns  again  to  the  west.  Bearing  to  the  north  it  presently 
reaches  (at  ^)  the  edge  of  the  precipitous  bluff,  bordering  the 
great  valley  at  the  south  end  of  the  lake.  Between  the  two 
arms  of  the  loop  thus  formed,  the  surface  of  the  Nose  is  so 
nearly  level  that  it  could  have  offered  no  notable  opposition  to 
the  progress  of  the  ice,  and  yet  it  failed  to  be  covered  by  it. 

In  the  valley  between  the  east  bluff  and  the  Nose,  the  ter- 
minal moraine  lies  further  west  than  on  the  elevations.  The  ice 
moved  against  the  Nose  from  the  east,  and  mounted  to  its  highest 
point,  but  in  this  achievement  it  so  far  spent  its  strength  as  to 
be  unable  to  continue,  even  over  the  comparatively  level  surface 
beyond.  Divided  by  the  Nose  as  by  a  wedge,  it  moved  west- 
ward over  the  lower  land  on  either  side,  but  failed  to  occupy  the 
intervening  crest  of  the  ridge. 

In  the  great  valley  between  the  Nose  and  the  east  bluff,  the 
marginal  ridge  does  not  appear.  In  the  bottom  of  the  valley  the 
moraine  takes  on  its  normal  form,  and  the  slopes  of  the  quartzite 
ridges  on  either  hand  are  much  too  steep  to  allow  any  body  of 
drift,  or  loose  material  of  any  sort,  to  lodge  on  them. 

Ascending  the  east  bluff  a  little  east  of  the  point  where  the 
drift  ridge  drops  off  the  west  bluff,  the  ridge  is  again  found  (at 
rf)  in  characteristic  development.  For  some  distance  it  is  located 
at  the  edge  of  the  precipitous  south  face  of  the  bluff.  Farther 
on  it  bears  to  the  north,  and  soon  crosses  a  col  {i)  in  the  ridge, 
building  it  up  many  feet  above  the  level  of  the  bed  rock.  Here 
again,  as  on  the  Nose,  the  ice  that  had  surmounted  the  elevation 
had  spent  its  strength  and  was  unable  to  move  forward,  even 
though  forward  movement  would  have  been  down  grade. 
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From  this  point  eastward  for  about  three  miles  the  ridge  is 
clearly  defined,  the  slopes  about  equal  on  either  side,  and  the 
crest  as  nearly  even  as  the  typography  of  the  underlying  surface 
permits.  The  topographic  relations  in  this  part  of  the  course 
are  shown  in  Fig.  5. 

At  e  (Fig.  2)  this  marginal  ridge  attains  its  maximum  eleva- 
tion, 1620  feet.  Here  again,  the  ice  having  surmounted  this 
great  elevation,  the  greatest  of  the  region,  was  unable  to  move 
forward  down  the  slope,  although  it  had  had  energy  enough  to 
climb  fully  300  feet  in  the  last  mile  of  its  advance. 

At  this  great  elevation,  the  ridge  turns  sharply  to  the  north- 
west at  an  angle  of  more  than  90°.  Following  this  direction  for 
little  more  than  half  a  mile,  it  turns  to  the  west.  At  some  points 
in  this  vicinity  the  ridge  assumes  the  normal  morainic  habit,  but 
this  is  true  for  short  distances  only.  Further  west,  at/,  it  turns 
abruptly  to  the  northeast  and  is  sharply  defined.  It  here  loops 
about  a  narrow  area  less  than  sixty  rods  wide,  and  over  half  a  mile 
in  length,  the  sharpest  loop  in  its  whole  course.  The  driftless 
tract  enclosed  by  the  arms  of  this  loop  is  lower  than  the  drift 
ridge  on  cither  hand.  The  ice  on  either  side  would  need  to  have 
advanced  no  more  than  thirty  rods  to  have  covered  the  whole 
of  it. 

From  the  minor  loop  just  mentioned,  the  marginal  ridge  is 
continued  westward,  being  well  developed  for  about  a  mile  and 
a  half.  At  this  point  the  moraine  swings  south  to  the  north  end 
of  Devil's  Lake,  loses  the  unique  marginal  ridge  which  has  char- 
acterized its  outer  edge  across  the  (juartzite  range  for  so  many 
miles,  and  assumes  the  topography  normal  to  terminal  moraines. 
At  no  other  point  in  the  United  States,  so  far  as  known  to  the 
writers,  is  there  so  sharply  marked  a  marginal  ridge  associated 
with  the  terminal  moraine,  for  so  long  a  distance. 

From  Fig.  i  it  will  be  seen  that  the  moraine  as  a  whole  makes 
a  great  loop  to  the  eastward  in  crossing  the  quartzite  range. 
From  the  detailed  description  just  given  of  the  course  of  the 
marginal  ridge,  it  will  be  seen  that  it  has  three  distinct  loops; 
one  on  the  DeviTs  Nose  (west  of  b,  Fig.  2)  ;  one  on  the  main 
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ridge  (west  of  e)  and  a  minor  one  on  the  north  side  of  the  last 
(southwest  oij).  The  first  and  third  are  but  minor  irregularities 
on  the  sides  of  the  great  loop,  the  head  of  which  is  at  e. 

The  significant  fact  in  connection  with  these  irregularities  in 
the  margin  of  the  moraine  is  that  each  loop  stands  in  the  lee  of 
a  prominence.  The  meaning  of  this  relation  is  at  once  patent. 
The  great  quartzite  range  was  a  barrier  to  the  advance  of  the  ice. 
Acting  as  a  wedge,  it  caused  a  reentrant  in  the  advancing  margin 
of  the  glacier.  The  extent  and  position  of  the  reentrant  is  shown 
by  the  course  of  the  moraine  in  Fig.  i.  Thus  the  great  loop  in 
the  moraine,  the  head  of  which  is  at  e,  (Fig.  2)  was  caused  by 
the  quartzite  range  itself. 

The  minor  loops  on  the  sides  of  the  major  are  to  be  explained 
on  the  same  principle.  Northeast  of  the  minor  loop  on  the  north 
side  of  the  larger  one  (/,  Fig.  2)  there  are  two  considerable  hills, 
reaching  an  elevation  of  nearly  1500  feet.  Though  the  ice 
advancing  from  the  east-northeast  overrode  them,  they  must 
have  acted  like  a  wedge,  to  divide  it  into  lobes.  The  ice  which 
reached  their  summits  had  spent  its  energy  in  so  doing,  and 
was  unable  to  move  forward  down  the  slope  ahead,  and  the 
thicker  bodies  of  ice  which  passed  on  either  side  of  them,  failed 
to  unite  in  their  lee.  The  application  of  the  same  principle  to 
the  loop  on  the  Devil's  Nose  is  evident.* 

Constitution  of  t/te  marginal  ridge, — The  material  in  the  mar- 
ginal ridge,  as  seen  where  erosion  has  exposed  it,  is  till,  abnormal, 
if  at  all,  only  in  the  large  percentage  of  widely  transported 
bowlders  which  it  contains.  This  is  especially  true  of  the  sur- 
face, where  90  per  cent,  of  the  large  bowlders  are  in  some  places 
of  very  distant  origin,  and  that  in  spite  of  the  fact  that  the  ice 
which  deposited  them  had  just  risen  up  over  a  steep  slope  of 
quartzite,  which  could  easily  have  yielded  abundant  bowlders. 
In  other  places  the  proportion  of  foreign  bowlders  is  small,  no 
more  than  one  in  ten.  In  general,  however,  bowlders  of  distant 
origin  predominate  over  those  derived  close  at  hand. 

» It  is  at  k.  Fig.  2  that  the  preglacial  gravel  referred  to  in  Vol.  Ill  (pp.  655-67) 
of  this  Journal  is  found. 
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The  slope  of  the  upper  surface  of  the  ice  at  the  margin, — The  mar- 
ginal ridge  on  the  south  slope  of  Devil's  Nose  leads  to  an  infer- 
ence of  special  interest.  Its  course  lies  along  the  south  slope  of 
the  Nose,  from  its  summit  on  the  east  to  its  base  on  the  west. 
Throughout  this  course  the  ridge  marks  with  exactness  the 
position  of  the  edge  of  the  ice  at  the  time  of  its  maximum 
advance,  and  its  crest  must  therefore  represent  the  slope  of  the 
upper  surface  of  the  ice  at  its  margin. 

The  western  end  of  the  ridge  a  (Fig.  2)  has  an  altitude  of  940 
feet,  and  its  eastern  end  b  is  just  above  the  1 500-foot  contour.  The 
distance  from  the  one  point  to  the  other  is  one  and  three-fourths 
miles,  and  the  difference  in  elevation,  560  feet.  These  figures 
show  that  the  slope  of  the  ice  along  the  south  face  of  this  bluff 
was  about  320  feet  per  mile.  This,  so  far  as  known,  is  the  first 
<letermination  of  the  slope  of  the  edge  of  the  continental  ice 
sheet  at  its  extreme  margin.  It  is  to  be  especially  noted  that  these 
figures  are  for  the  extreme  edge  of  the  ice  only.  The  angle  of 
slope  back  from  the  edge  was  doubtless  much  less. 

Devits  Lake, — At  the  north  end  of  Devil's  Lake,  and  again  in 
the  capacious  valley  leading  east  from  its  south  end,  there  are 
massive  terminal  moraines.  Followed  southward,  this  valley 
leads  off  toward  the  Wisconsin  River,  and  is  probably  the  course 
of  a  large  preglacial  stream.  It  is  now  occupied  by  a  small  tribu- 
tary to  the  Wisconsin,  the  head  of  which  is  separated  from  the  lake 
by  the  massive  moraine.  To  the  north  of  the  lake,  the  head  of 
a  tributary  of  the  Baraboo  comes  within  eighty  rods  of  the  lake, 
but  again  the  terminal  moraine  intervenes.  From  data  derived 
from  wells  it  is  known  that  the  drift  both  at  the  north  and  south 
ends  of  the  lake  extends  many  feet  below  the  level  of  its  water, 
and  at  the  north  end,  the  base  of  the  drift  is  known  to  be  at  least 
fifty  feet  below  the  level  of  the  bottom  of  the  lake.  The  drain- 
ing of  Devil's  Lake  to  the  Baraboo  River  is  prevented  only  by 
the  drift  dam  at  its  northern  end.  It  is  nearly  certain  also,  that, 
were  the  moraine  dam  at  the  south  end  of  the  lake  removed,  all 
the  water  would  flow  out  to  the  Wisconsin,  though  the  data  for 
the  demonstration  of  this  conclusion  are  not  to  be  had.     There 
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can  be  no  doubt  that  the  gorge  between  the  east  and  west  bluffs 
was  originally  the  work  of  a  pre-Cambrian  stream,  though  the 
depth  of  the  pre-Cambrian  valley  may  not  have  been  so  great  as 
that  of  the  present.  Later,  the  valley  was  filled  with  the  Cambrian 
(Potsdam)  sandstone,*  and  reexcavated  in  post-Cambrian  and 
preglacial  time.  Devil's  Lake  then  occupies  an  unfilled  portion 
of  an  old  river  valley,  isolated  by  great  morainic  dams  from  its 
surface  continuations  on  either  hand.  Between  the  dams,  water 
has  accumulated  and  formed  the  lake. 

While  the  ice  was  at  its  maximum  stand,  it  rose  above  the 
moraine  dams  at  either  end  of  the  lake.  The  melting  of  the  ice 
supplied  abundant  water,  and  the  water  of  the  lake  stood  above 
its  present  level.  The  height  which  it  attained  is  not  known, 
but  it  is  known  to  have  risen  at  least  sixty-five  feet  higher  than 
now.  This  is  proved  by  the  presence  of  a  few  drift  bowlders 
lodged  on  the  west  bluff  at  this  height.  They  represent  the  work 
of  a  berg  or  of  bergs  which  at  some  stage  floated  out  into  the 
lake. 

Tlu  preglacial  stream  flowing  through  the  Devil's  iMke  gorge. — 
The  great  gorge  in  the  quartzite  bluffs,  a  part  of  which  is  occu- 
pied by  the  lake,  was  a  narrows  in  the  preglacial  valley.  If  the 
Baraboo  was  the  stream  which  flowed  through  this  gorge,  the 
comparable  narrows  in  the  north  quartzite  range — the  Lower 
Narrows  of  the  Baraboo  —  is  to  be  accounted  for.  The  stream 
which  occupied  one  of  these  gorges  probably  occupied  the  other, 
for  they  are  in  every  way  comparable  except  in  that  one  has  been 
modified  by  glacial  action,  while  the  other  has  not. 

The  Baraboo  River  flows  through  a  gorge  —  the  Upper  Nar- 
rows—  in  the  north  quartzite  range  at  Ablemans,  nine  miles  west 
of  Baraboo.  This  gorge  is  much  narrower  than  either  the  Lower 
Narrows  or  the  Devil's  Lake  gorge,  suggesting  the  work  of  a 
lesser  stream.  It  seems  on  the  whole  probable,  as  suggested  by 
Irving,'  that  the  Wisconsin  River  in  preglacial  time,  flowed  south 

'This  fact  was  made  known  by  Irvinc,  Geology  of  Wisconsin,  Vol.  II.     Irving 
also  advanced  the  explanation  here  given,  of  the  lake. 

■Loc.  cit.,  p.  508. 
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through  what  is  now  the  Lower  Narrows  of  the  Baraboo,  thence 
through  the  Devil's  Lake  gorge  to  its  present  valley  to  the  south. 
If  this  be  true,  the  Baraboo  must  at  that  time  have  joined  this 
larger  stream  at  some  point  east  of  the  city  of  the  same  name. 

Extinct  glacial  lake  on  the  east  quartzite  bluff , — Between  the  arms 
of  the  main  terminal  moraine  loop  on  the  quartzite  range,  about 
two  miles  east  of  Devil's  Lake,  is  a  notable  flat.  Its  location  and 
extent  are  shown  in  Fig.  2  (/).  With  the  exception  of  the  north 
side,  and  a  narrow  opening  at  the  northwest  corner,  the  flat  is 
surrounded  by  high  lands.  When  the  ice  occupied  the  region, 
its  edge  held  the  position  shown  by  the  line  marking  the  limit 
of  its  advance,  and  constituted  an  ice  barrier  to  the  north.*  The 
area  of  the  flat  was,  therefore,  almost  shut  in,  the  only  outlet 
being  a  narrow  one  at  h,  Fig.  2.  Excavations  in  the  flat  show 
that  it  is  covered  with  stratified  sands,  gravels,  and  clays  of  gla- 
cial origin,  to  a  depth  of  at  least  sixty-five  feet.  If  this  filling 
were  removed,  the  bottom  of  the  area  would  be  much  lower  than 
at  present,  and  it  is  evident  that  when  the  ice  had  taken  its 
position  along  the  north  side  of  the  flat,  an  enclosed  basin  must 
have  existed.  Into  this  basin  water  from  the  melting  ice  flowed, 
forming  a  lake.  At  first  it  had  no  outlet,  and  the  water  rose  to 
the  level  of  the  lowest  point  (A,  Fig.  2)  in  the  rim  of  the  basin, 
and  thence  overflowed  to  the  west.  Meanwhile  the  sediments 
borne  in  by  the  glacial  drainage  were  being  deposited  in  the  lake 
in  the  form  of  a  subaqueous  overwash  plain,  the  coarser  parts 
being  left  near  the  shore,  while  the  finer  were  carried  further  out. 
Continued  drainage  from  the  ice  continued  to  bring  sediment 
into  the  lake,  and  the  subaqueous  overwash  plain  extended  its 
delta-like  front  farther  and  farther  into  the  lake,  until  its  basin 
was  completely  filled.  With  the  filling  of  the  basin  the  lake 
became  extinct.  Further  drainage  from  the  ice  followed  the  line 
of  the  outlet,  the  level  of  which  corresponds  with  the  level  of 
the  filled  lake  basin.     This  little  extinct  lake  is  of  interest  as  an 

'The  moraine  line  on  the  map  represents  the  crest  of  the  marginal  ridge  rather 
than  its  outer  limit,  which  is  slightly  nearer  the  lake  margin.  Stratified  drift  of  the 
nature  of  overwash  also  intervenes  at  points  between  the  moraine  and  the  lake  border. 
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example  of  a  glacial  lake  which  became  extinct  by  having  its  basin 

filled  during  glacial  times,  by  sediments  washed  out  from  the  ice. 

Near  the  northwest  corner  of  this  flat,  an  exposure  in  the 

sediments   of   the  old   lake  bed  shows  the  curiously  contorted 


Fig.  6.     Contorted  layers  of  sand  and  silt,  in  Ihe  bed  of  the  extinct  glacial  lake. 

layers  of  sand,  silt,  and  clay  represented  in  Fig.  6.  The  layers 
shown  in  the  figure  are  but  a  few  feet  below  the  level  of  the  flat 
which  marks  the  site  of  the  lake.  It  will  be  seen  that  the  con- 
toned  layers  are  between  two  series  of  horizontal  ones.  The 
material  throughout  the  section  is  made  up  of  fine-grained  sands 
and  clays,  well  assorted.  That  these  particular  layers  should 
have  been  so  much  disturbed,  while  tho^e  below  and  above 
remained  horizontal,  is  strange  enough.  The  grounding  of  an 
iceberg  on  the  surface  before  the  overlying  layers  were  depos- 
ited, or  the  action  of  lake  ice  may  have  been  responsible  for  the 
singular  phenomenon. 
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Skillctt  Creek. —  Skirting  the  niorainic  apron  or  overwash  plain 
southwest  of  Baraboo,  is  a  little  stream,  tributary  to  the  Baraboo, 
known  as  Skillett  Creek.     For  some  distance  from  its  head  {a  to 


Bey  a  It 


Kk;.  7.     Skillelt  Creek,  illustrating  llie  points  mentioned  in  the  text. 

b,  Fig.  7)  its  course  is  through  a  capacious  prcglacial  valley. 
The  lower  part  of  this  valley  was  filled  with  the  water-laid  drift 
of  the  overwash  plain.  On  reaching  the  overwash  plain  the  creek 
therefore  shifted  its  course  so  as  to  follow  the  border  of  that 
plain,  and  along  this  route,  irrespective  of  material,  it  has  cut  a 
new  channel  to  the  Haraboo.  The  postglacial  portion  of  the 
valley  (b  to  r)  is  everywhere  narrow,  and  especially  so  where 
cut  in  sandstone. 

The  course  and  relations  of  this  stream  suggest  the  following 
explanation  :   Before  the  ice  came  into  the  region,  Skillett  Creek 
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probably  flowed  in  a  general  northeasterly  direction  to  the  Bara- 
boo,  through  a  valley  comparable  in  size  to  the  preglacial  part 
of  the  present  valley.  As  the  ice  advanced,  the  lower  part  of 
this  valley  was  occupied  by  it,  and  the  creek  was  compelled  to 
seek  a  new  course.  The  only  course  open  to  it  was  to  the  north, 
just  west  of  the  advancing  ice,  and,  shifting  westward  as  fast  as 
the  ice  advanced,  it  abandoned  altogether  its  former  lower  course. 
Drainage  from  the  ice  then  carried  out  and  deposited  beyond  the 
same,  great  quantities  of  gravel  and  sand,  making  the  overwash 
plain.  This  forced  the  stream  still  further  west,  until  it  finally 
reached  its  present  position  across  a  sandstone  ridge  or  plain, 
much  higher  than  its  former  course.  Into  this  sandstone  it  has 
since  cut  a  notable  gorge,  a  good  illustration  of  a  postglacial 
valley.  The  series  of  changes  shown  by  this  creek  is  illustrative 
of  the  changes  undergone  by  streams  in  similar  situations  and 
relations  all  along  the  margin  of  the  ice. 

Damming  of  the  Baraboo, — West  of  the  terminal  moraine  on 
either  side  of  the  Baraboo  River  are  broad  flats,  extending  at 
least  as  far  up  the  stream  as  Ablemans.  At  various  points, 
exposures  show  the  material  of  the  flat  to  be  laminated  clay  of 
lacustrine  type.  The  tributaries  to  the  Baraboo  in  this  region 
are  bordered  by  similar  flats  composed  of  similar  material. 
These  flats,  together  with  the  flats  along  the  main  stream,  repre- 
sent the  bottom  of  a  glacial  lake.  The  outlines  of  this  lake  can- 
not now  be  given.  At  Ablemans  there  is  a  body  of  loess,*  the 
upper  surface  of  which  corresponds  in  elevation  with  the  flat  of 
the  Baraboo  below. 

When  the  ice  lay  in  the  valley  of  the  Baraboo  with  its  edge 
just  west  of  the  city,  the  stream  was  effectually  dammed.  The 
waters  which  were  held  back  by  the  ice  dam,  reinforced  by  the 
drainage  from  the  ice  itself,  soon  developed  a  lake  in  the  valley 
of  the  Baraboo,  above  the  point  of  obstruction.  This  body  of 
water  likewise  extended  up  the  lower  course  of  every  tributary, 
presumably  rising  until  it  found  the  lowest  point  in  the  rim  of 
the  drainage  basin.  The  location  of  this  point,  and  therefore  its 
'J')t'RNAL  OF  Geology,  Vol.  IV,  p.  929. 
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height,  and  the  height  of  the  lake  when  at  its  maximum,  are  not 
known.  But  at  a  point  three  miles  southeast  of  Ablemans  on  the 
surface  of  a  sandstone  slope,  water-worn  gravel  occurs,  the  peb- 
bles of  which  were  derived  from  the  local  rock.  On  the  slope 
below  the  gravel,  the  surface  is  covered  with  loam  which  has  a 
suggestion  of  stratification,  while  above  it,  the  soil  and  subsoil 
appear  to  be  the  product  of  local  rock  decomposition.  This 
water-worn  gravel  of  local  origin  on  a  steep  slope  facing  the 
valley,  probably  represents  the  work  of  the  waves  of  this  lake, 
perhaps  when  it  stood  at  its  maximum  height.  This  gravel  is 
about  125  feet,  according  to  aneroid  measurement,  above  the 
Baraboo  River. 

This  lake  did  not  entirely  disappear  when  the  ice  retreated, 
for  the  drift  which  the  ice  left,  especially  the  terminal  moraine, 
still  obstructed  drainage  to  the  east.  The  moraine,  however, 
was  not  so  high  as  the  former  outlet  of  the  lake  had  been,  so 
that  as  the  ice  retreated,  the  water  flowed  over  the  moraine  to 
the  east,  and  drew  down  the  lev^el  of  the  lake.  The  postglacial 
valley  cut  through  the  moraine  is  about  ninety  feet  deep. 

Besides  being  obstructed  where  crossed  by  the  terminal 
moraine,  the  valley  of  the  Baraboo  was  clogged  to  a  lesser  extent 
by  deep  deposits  between  the  moraine  and  the  Lower  Narrows. 
At  one  or  two  places  near  the  city  of  Baraboo,  such  obstructions, 
now  removed,  appear  to  have  existed.  Just  above  the  **  Lower 
^Narrows'*  there  is  positive  evidence  that  the  valley  was  choked 
with  drift.  Here  in  subsequent  time,  the  river  has  cut  through 
the  drift-filling  of  the  preglacial  valley,  developing  a  passage 
about  twenty  rods  wide  and  thirty-five  deep.  If  this  passage 
were  filled  with  drift,  reproducing  the  surface  left  by  the  ice. 
the  broad  valley  above  it  would  be  flooded,  producing  a  lake. 
At  the  outset,  this  lake  must  have  been  considerably  lower  than 
the  one  above  the  moraine  to  the  west,  but  drainage  from  the 
latter  into  the  former  soon  lowered  the  barrier  between  them, 
bringing  the  upper  lake  to  the  level  of  the  lower.  The  lake 
below  Baraboo  was  much  less  extensive  than  the  one  above,  and 
probably  shorter  lived.     It  became  extinct  by  the  cutting  of  its 
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outlet  above  the  Lower  Narrows  down  to  the  level  of  its  bottom. 
The  location  of  this  extinct  lake  is  shown  on  the  map,  in  Fig.  i. 

Other  extinct  lakes. —  The  beds  of  at  least  two  other  extinct 
ponds  or  small  lakes  above  the  level  of  the  Baraboo  are  known. 
These  are  at  tn  and  «,  Fig.  2.  They  owe  their  origin  to  depres- 
sions in  the  drift,  but  the  outflowing  waters  have  cut  down  their 
outlets  sufficiently  to  bring  them  to  the  condition  of  marshes. 
Both  were  small  in  area  and  neither  was  deep. 

F^rom  the  foregoing  it  is  seen  that  the  small  area  centering 
about  Devil's  Lake  presents  a  number  of  interesting  drift  phenom- 
ena, some  of  which  are  possessed  of  unusual  significance.  This  is 
particularly  true  of  the  phenomena  of  the  terminal  moraine  in  its 
passage  over  the  quartzite  ridge,  and  of  the  phenomena  which 
have  led  to  the  determination  of  the  slope  of  the  ice  at  its 
extreme  edge,  along  the  south  side  of  the  quartzite  range. 

RoLLiN  D.  Salisbury, 
Wallace  Walter  Atwood. 


COMPARISON   OF   THE    CARBONIFEROUS    AND   PER- 
MIAN   FORMATIONS    OF    NEBRASKA   AND 

KANSAS.'     II. 

THE  WABAUNSEE  FORMATION. 

Nebraska  City. —  On  account  of  the  historic  interest  attached 
to  the  Nebraska  City  section  care  was  taken  to  examine  the  par- 
ticular exposures  studied  by  Marcou,  Meek  and  Hayden.  As  a 
result  of  this  study  I  have  no  hesitation  in  stating  that  I  fully 
agree  with  Meek  in  referring  the  lower  beds  of  the  section 
(divisions  A  and  B  of  Marcou  and  Meek)  to  the  Upper  Coal 
Measures  (Missourian  series).'  On  the  geological  "Map  of 
Nebraska  and  Dakota"  accompanying  this  report,  the  Permian 
is  represented  as  entering  the  state  from  Kansas  in  Jefferson 
county,  west  of  the  Big  Blue  Valley,  then  extending  to  the 
northeast  as  a  narrowing  belt  across  Lancaster  county  and  down 
the  valley  of  Saline  Creek  to  the  Platte  River  and  thence  up  the 
Platte  River  to  Fremont.  The  town  of  Lancaster  near  the  pres- 
ent city  of  Lincoln  in  Lancaster  county,  which  is  the  next  countv 
west  of  Otoe,  is  represented  as  about  halfway  across  this  Per- 
mian area.  However,  in  general,  on  this  map  the  Permian  is 
represented  too  far  to  the  west,  as  for  example  in  the  Smoky 
Hill  Valley  in  Kansas,  the  base  is  represented  as  near  the  city  of 
Salina,  which  in  fact  is  very  near  the  top ;  while  the  system  is 
mapped  as  extending  some  twenty-five  miles  west  of  Salina. 
nearly  all  of  which  is  now  known  to  belong  in  the  Cretaceous. 
The  same  is  true  in  reference  to  the  northern  tier  of  counties 
where  the  Permian  was  represented  in  Washington  and  Republic 
counties  in  what  is  know^n'to  be  Dakota  and  Ft.  Benton.  Furt- 
her-more, it  is  perfectly  clear  that  the  upper  part  of  the  section 

'Continued  from  p.  i6,  this  Journai-. 

*See  the  Nebraska  City  section  of  Meek  in  Fin.  Rep.  U.  S.  Geol.  Sur.  Neb.,  etc., 
pp.  lOI,  102. 
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(  divisions  C  and  D) ,  in  reference  to  the  correlation  of  which  Meek 
was  in  some  doubt,*  also  belongs  in  the  Missourian.  Meek 
plainly  saw  that  there  was  no  basis  for  referring  the  upper  part 
of  the  section  to  one  formation  and  the  lower  part  to  another,  for 
ic  said :  **  I  can  see  no  reason  whatever  for  drawing  any  impor- 
tant line  of  division  between  the  beds  included  in  C  and  those 
ot  B,  or  for  separating  either  from  the  Coal  Measures,"'  though 
in  the  closing  part  of  the  report  he  was  not  sufficiently  confident 
to  make  an  unqualified  statement  to  that  effect.  However,  sec- 
tions in  higher  rocks  to  the  north  and  west  of  Nebraska  City, 
which  will  be  described  farther  on  in  this  paper,  show  conclu- 
sively that  all  the  Nebraska  City  rocks  belong  in  the  Missourian. 
Meek  gave  a  very  complete  list  of  the  fossils  from  divisions 
/>  and  Cat  the  former  Nebraska  City  landing  (near  the  present 
Burlington  and  Missouri  River  railroad  bridge)  which  are  mostly 
well-known  Upper  Coal  Measure  species.3  A  short  distance 
south  of  this  locality  is  the  quarry  of  the  Nebraska  City  Vitrified 
Hrick  Co.  which  uses  about  twenty  feet  of  the  upper  shales  of 
division  C  of  the  sections  of  Marcou  and  Meek.  These  shales 
are  mostly  of  a  drab  color,  somewhat  micaceous  as  well  as 
clayey,  and  resemble  those  used  for  vitrified  bricks  at  the  Topeka, 
Kansas,  works.  Above  the  shales  of  the  quarry  are  ten  feet  of 
very  sandy  shales,  changing  to  soft  sandstones,  which  represent 
division  D  of  the  early  sections.  On  the  farm  of  the  Hon. 
J.  Sterling  Morton,  about  seventy-five  feet  above  the  level  of  the 
Missouri  River,  and  again  on  the  river  bank  one  mile  below  the 
Nebraska  City  landing  and  thirty  feet  above  river  level,  Meek 
found  a  stratum  of  **  black  bituminous  shale,  with  a  few  inches  of 
coal"  having  a  total  thickness  of  one  foot,  six  inches,  which  was 
not  shown  in  the  Nebraska  City  section  and  which  he  thought 
must  belong  above  it.*  The  position  of  this  shale  has  an  impor- 
tant bearing  upon  Meek's  correlation,  for  in  an  argillaceous 
limestone  immediately  above  the  black  shale  he  found  a  fauna 

*  Kin.  Rep.  U.  S.  Geol.  Sur.  Neb.,  etc.,  p.  130.  ^  Ibia.^  p.  103. 

^IHti.,  p.  loi  ;  also  see  "Tabular  list,"  pp.  124-127. 
^JHJ.,  pp.  103.  104. 
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which  **  agrees  exactly,  so  far  as  they  go,  with  that  of  division 
B  of  the  section  [its  lower  part]  at  the  landing,  with  the  excep- 
tion of  Fiisiiliriay^  Since  the  time  of  Meck's  exploration,  the 
construction  of  the  B.  &  M.  R.  R.  R.  along  the  river  bluff  below 
the  old  steamboat  landing  has  exposed  the  rocks  and  shown 
Meek's  supposition  regarding  the  position  of  the  shale  to  be 
correct.  The  following  section  is  shown  above  the  railroad  at 
some  distance  below  the  Vitrified  Brick  quarry : 

Feet. 

8.  Massive  somewhat  calcareous  sandstone        .         .         .         .  2^  =  374 

7.  Rather  arenaceous  shales      -------  15  =  35 

6.  Limestone   with  fossils,   Fusulina  cylindrical  etc.  (No.   3  of 

Meek's  section  on  p.  103  of  his  report)     -         -         -         -  11^2  =  20 

5.  Black,  very  bituminous  shale  with  thin  layers  of  coal,  one  foot, 

eleven  inches  (No.  2  of  Meek's  section)   -         -         -         -  i|4  =  i8-li 

4.  Mainly  argillaceous  shales    -------  9=17 

3.  Arenaceous  shales,  with  thin,  irregular  sandstone  at  top       -  5=8 
2.   Massive,  soft  and  friable  brownish  sandstone  (about  railroad 

level)  2  and  3  equal  division  D  of  Meek's  section      -         -  3  =  3 
I.  Argillaceous   shales   that    furnish  material    for   the   vitrified 

bricks  (the  upper  part  of  division  C  of  Meek)    -         -         -  3= 

Numbers  2  and  3  of  the  above  section  form  division  D  of 
Meek's  section.  If  the  sixty-nine  feet  measured  by  Meek,  which 
are  below  No.  4  of  the  above  section,  be  added  to  it  there  will  be 
a  thickness  of  ninety-eight  feet  of  Palaeozoic  rocks  for  the  river 
bluff  below  Nebraska  City.  The  rocks  may  be  traced  along  the 
bluff  continuously  the  greater  part  of  the  distance  from  the  Vit- 
rified Brick  quarry  to  the  gibove  section,  which  shows  that  the 
stratum  of  shale  and  coal  is  above  the  sandstone  (division  D) 
of  Meek's  section  as  he  supposed.* 

The  dip  in  the  bluff  where  the  above  section  was  measured 
is  nearly  i°  to  the  east  of  south.  From  the  rocks  just  above 
and  below  the  black  shale  and  coal  in  the  quarry  and  along  the 
bluff  to  the  south  the  following  species  were  collected.  Meek 
spent  nearly  a  week  in  the  vicinity  of  Nebraska  City,  and  made 

'Fin.  Rep.  U.  S.  Geol.  Sur.  Neb.,  etc.,  p.  103. 

'See  Meek's  discussion  of  the  stratigraphic  position  of  this  coal  on  p.  104  of  his 
report. 
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a  practically  complete  list  of  the  fossils  of  that  region.  No 
attempt  was  made  to  duplicate  his  work,  and  only  the  few  species 
noted  below  were  collected : 

Productus  {Afarginifgra)  spiendens  Nor.  &  Pratt  (c).  Meek  referred 
this  to  P.  longUpinus  Sow.  with  which  identification  Keyes  agrees,  and  prob- 
ably this  is  correct. 

Productus  costatus  Sowb.  (rr). 

Productus  punctatus  (Martin)  Sowb.  (rr). 

Spirifer  cameratus   Morton  (?)  (rr).     Imperfectly  preserved  specimen. 

Chon€t€s  granulifera  Owen  (rr). 

Enteletes  hemiplicatus  (Hall)  H.  &  C.  (rr).  Formerly  Syntrilasma  hemi- 
plicatus  (Hall)  Meek  &  Worthen. 

Edmondia  sp.  (rr).  The  specimen  has  rather  high  beak  but  is  narrower 
than  the  figures  compared,  with  quite  sharp  concentric  lines. 

Macrocheilus  intercalaris  M.  &  W.  (rr)  v2lt,  Pulchellus  M.  &  W.  changed 
by  Keyes  to  Spharodoma  medialis  (M.  &  W.)  Keyes. 

Fusulina  cylindrica  Fischer  (c). 

Cy there  nebrascensis  Geinitz  (  ?)  (c). 

Meek  found  Spirifer  cameratus  in  the  limestone  above  the 
coal  associated  with  plenty  of  other  fossils  characteristic  of  the 
Upper  Coal  Measures,  so  that  it  is  clearly  shown  by  the  stratig- 
raphy and  palaeontology  that  all  of  the  Palaeozoic  rocks  in  the 
vicinity  of  Nebraska  City  belong  in  the  Upper  Coal  Measures 
(Missourian)  instead  of  in  the  Dyas  (Permian)  as  claimed  by 
Marcou.  The  writer  is  not  confident  whether  the  Nebraska 
City  beds  should  be  referred  to  the  upper  part  of  the  Missouri 
formation  or  to  the  Wabaunsee  formation  of  the  Missourian 
series.  However,  the  faunal  and  lithologic  characters  of  the 
beds  near  Nebraska  City  agree  quite  closely  with  those  of  the 
lower  half  of  the  Wabaunsee  formation  as  shown  along  the  Kan- 
sas River  above  Topeka,  and  so  the  writer  refers  them  pro- 
visionally to  it. 

Dunbar, — This  station  on  the  B.  &  M.  R.  R.  R.  is  eleven  miles 
west  of  Nebraska  City  and  nearly  150  feet  higher  than  the  Mis- 
souri River  at  that  point.  One  mile  south  and  one  and  one- 
half  miles  east,  or  about  two  miles  southeast  of  Dunbar,  on  the 
south  side   of  the  B.  &  M.  R.  R.  R.,  is  the  McCartney  quarry. 
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Pleurophorus  occidentalis  M.  &  H.  (aa).  Many  of  the  specimens  are 
external  impressions,  showing  only  the  concentric  lines  ;  one  shows  radiating 
lines  somewhat  indistinctly  and  there  are  a  number  of  internal  impressions 
which  show  very  clearly  the  furrow  made  by  the  interior  ridge. 

Myaiina  Perattenuata  M.  &  H.  (a). 

Aclis  Swalloviana  (Geinitz)  M.  &  H.  (?)  (rr). 

The  yellow  shales  above  the  quarry  stone  arc  quite  fossil- 
ifcrous,  No.  lo  especially.  From  these  shales  of  Nos.  8  and 
10  the  following  species  were  collected,  the  larger  number, 
however,  coming  from   No.    lo: 

Chonetes  granulifera  Owen  (aa) 

Chonctes  l(nns  Ke\ts={C/tonetes  glabra  Geinitz)  (c).  Some  of  the  speci- 
mens are  worn  and  show  the  radiating  fibrous  shell  structure. 

Hustciiia  w^r/;/<7;z// (Marcou)  H.  &  C.  (c). 

Spirifer  {Marlinia)  pianoconvexus  Shum.  (aa). 

Spirifer  ca?ncratus  .Morton  (c). 

Spiri/t'nna  kentuckensis  Shum.  (rr). 

Athyris  {Seminuia)  subtilita  (Hall)  Newb. 

Productus  iongispimts  Sowb.- (/*.  splendens  N.  &  P.)(r). 

Productus  cora  d'Orbigny  (c). 

Productus  tubrasccnsis  Owen  (rr). 

Productus  sfmireticttlatis  (Martin)  de  Kon.  (c). 

Productus  symmetricus  McChesney  (rr). 

Entelctes  hemipiicatus  {W^XX)  H.  &  C.  —(Syntrelasma  hemiplicatus  (Hall) 
Meek)(rr). 

Orthis  carbonaria  Swallow  (?)  (rr).  Small  specimen  that  seems  to  be 
Orthh  instead  of  KnteUtes, 

Derbya  crassa  (M.  &  H.)  H.  &  C.  (rr). 

Ij>phophylhtm  prolifermn  (McChes.)  Meek  (c). 

Rhombopora  Upidodendroides  Meek  (a). 

Fistulipora  twdu it/era  Meek  (aa). 

y.cacrinus  (?)  mucrospinus  McChesney  (r). 

Arch(Focidaris  sp.  spines  and  plates  (c). 

Crinoid  stems  (r). 

Coral  sp.  (rr).     A  small  branching  coral  something  like  Auhpora. 

Spirifer  cameratus  Morton  as  well  as  numerous  other  Upper 
Coal  Measure  shells  are  common  in  these  upper  yellow  shales. 
The  fauna!  and  lithologic  characters  of  the  section  agree 
closelv  with  those  of  the  Wabaunsee  formation,  to  which  it  is 
referred.   Inasmuch  as  the  rocks  of  this  section  are  still  higher  than 
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any  of  those  exposed  at  Nebraska  City  we  have  conclusive  proof 
that  no  part  of  that  section  belongs  in  the  Permian.  Time  did 
not  permit  me  to  continue  this  section  as  far  west  as  the  Cre- 
taceous ;  but  in  the  soil  and  on  the  surface  to  the  south  and 
west  of  Dunbar  are  numerous  loose  specimens  of  the  brownish- 
red  Dakota  sandstone. 

CASS  COUNTY. 
THE    WABAUNSEE    FORMATION. 

Nchavoka. — Directly  north  of  Otoe  county  is  Cass  county, 
whose  eastern  border  is  formed  by  the  Missouri  River,  and  the 
greater  part  of  the  northern  by  the  Platte  River.  In  the  south- 
ern part  of  the  county  is  Weeping  Water  Creek,  along  which  are 
rather  low  bluffs  in  which  the  rocks  are  quite  well  shown  from 
Nehawka  to  the  vicinitv  of  Wabash.  Meek  described  a  section 
on  this  creek  called  Cedar  Bluff,  about  six  miles  above  its 
mouth.  The  section  had  a  thickness  of  88+  feet,  all  of  which 
he  correctly  referred  to  the  Upper  Coal  Measures.^ 

The  village  of  Nehawka  is  sixteen  miles  by  rail  northwest 
of  Nebraska  City  and  about  one-half  mile  east  of  it  is  the  Van 
Court  and  Lemist  quarry  which  has  been  worked  for  six  years. 
The  floor  of  the  quarry  is  between  90  and  95  feet,  according  to 
surveyor's  level,  above  the  Nehawka  Railroad  station,  which 
makes  its  elevation  170  feet  or  more  above  the  Missouri  River 
level  at  Nebraska  City,  or  approximately   1085  ^'  '^• 

SECTION    OF    THE    NEHAWKA    QUARRY. 

Ft.  In.  Ft.  In. 

10.    Loess 10  =42  3 

9.  Light  gray  to  slightly  bluish  limestones  that  weather  yel- 
lowish, all  of  which  are  worked  for  quarry  stone.  They 
are  moderately  fossil  if  erous,  especially  the  shaly  parts, 

/iM^rw  j//^//7//tf  being  the  most  common       -         -         18  =     32  3 

8.    Shaly  limestones 2  =143, 

7.    Yellow  shales  that  are  used  for  bricks  -         -         -           i  =123. 
6.    Limestone  used  for  bridges,  the  strongest  in  the  quarry       10     =      113 

5.    Yellowish  shale  used  for  vitrified  bricks     -         -                i  =      10  5 

'  Fin.  Rep.  U.  S.  Geol.  Sur.  Nebraska,  pp.  97-99. 
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SECTION  OF  THE  NEHAWKA  QUARRY continued. 

Ft.    In.  Ft.    In. 

4.  Black  shale  that  is  quite  bituminous  -  -  -  14=95 
3.  Limestone,  best  building  stone  in  quarry     -         -  7=81 

2.  Limestones  at  base  of  quarry.  Floor  90  to  95  feet  above 

railroad  level         -         - 16=76 

I.  Yellow  to  buff  arenaceous  shales  in  railroad  cut  under 

quarry       --------  6  =  6 

The  dip  is  small  and  toward  the  east.  About  twenty-two 
feet  of  the  limestones  are  worked,  the  stone  being  crushed  and 
used  for  railways  and  highways.  Some  of  it  is  also  burned  for 
quicklime.  The  shale  was  formerly  sent  to  Louisville,  where 
it  was  burned  for  vitrified  brick.  There  are  some  fossils  in  the 
upper  limestones,  especially  in  the  shaly  partings,  yet,  with 
the  exception  of  Athyris  subtilita,  no  species  can  be  said  to  be 
abundant.  These  upper  limestones.  No.  9  of  the  section,  fur- 
nished the  following  species  : 

Athyris  {Seminula)  subtilita  (Hall)  Newb.  (aa). 
Spirifer  cameratus  Morton  (c). 
Derbya  crassa  (M.  &  H.)  H.  &  C.  (r). 
Productus  {MarginifercC)  longispinus  Sowb.  (r). 
Productus costatus  Sowb.  (?)  (rr). 

Productus  semireticulatus  (Martin)  de  Koninck.     Fragment  of  specimen 

(rr). 

HyPothyris  i^Pugnax)  uta  (Marcou)  H.  &  C.  (r). 

HusUdia  mormonii  (Marcou)  H.  &  C.  (rr). 

Meekella  striato-costata  (Cox)  White  &  St.  John  (r). 

spirifer  {Martinia)  lineatus  Martin  (rr). 

Lophophyllum  proliferum  (McChesney)  Meek  (c). 

Zeacrinus  (f)  mucrospinus  McChesney  (rr). 

Fusulina  cylindrica  Fischer  (rr). 

(?)  Chcttetes  cf.  carbonarius  Worthen  (r). 

Coral  or  sponge  sp.     Large  one,  genus  not  yet  determined  (rr). 

Crinoids.     Fragments  of  stems  (rr). 

NaticoPsis  nana  M.  &  W.     Small  and  imperfectly  preserved  (rr). 

On  account  of  the  faunal  and  lithologic  character  of  the 
rock  the  above  exposures  are  referred  to  the  Wabaunsee  for- 
mation. The  quarryman  reported  an  outcrop  of  coal  in  the  bed 
of  the  creek   near  Nehawka  and  estimated  that  the  bottom  of 
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the  quarry  was  about  200  feet  higher  than  the  coal  at  Nebraska 
City. 

Weeping  Water. — This  village  is  nine  miles  up  the  Weeping 
Water  Creek  from  Nehawka,  and  for  about  seven  miles  the  val- 
ley is  bounded  by  low  rounded  bluffs.  Beyond  this  the  bluffs 
are  steeper,  their  crest  being  formed  by  heavy  limestones.  This 
type  of  valley  is  conspicuously  shown  in  the  vicinity  of  the 
village,  the  sides  of  the  bluffs  being  partly  covered  by  large 
blocks  of  the  massive  limestone  that  have  fallen  from  their 
original  position.  They  continue  steep,  being  marked  by  a 
prominent  limestone  stratum,  for  rather  more  than  two  miles 
above  W'eeping  Water,  when  they  again  become  lower  with 
rounded  slopes. 

The  first  outcrop  studied  above  the  Nehawka  quarry  is  seven 
miles  up  the  Weeping  Water  valley,  at  a  locality  known  as  the 
**  Swede  quarry"  on  the  north  side  of  the  Missouri  Pacific  Rail- 
way. It  is  only  a  few  rods  from  the  railroad,  between  twenty- 
five  and  thirty  feet  higher,  with  an  approximate  elevation  of 
1080  feet  A.  T. 

SECTION    OF    THE    SWEDE    QUARRY. 

Ft.  In.  Ft.  In. 

6.    Massive    yellowish    to    brownish    gray    limestone,    that 

weathers  whitish  -         -         -         -         -         -  i  =189 

5.    Yellowish  shale        -         -         -         -         -         -         -  10    =179 

4.    Somewhat  reddish  limestone  -         -         -         -  i      4     =      16   11 

3.    Rather    irregular,    massive    limestone,    of   yellowish    to 
pinkish    color,    containing  large    numbers  of   Fusultna 
cylindrica  Fischer,  2  to  2  %  feet  thick.     This  limestone 
resembles  somewhat  the  chocolate  limestone  of  Swallow 
as  it  occurs  along  the  Kansas  valley  near  Maple  Hill, 
Kansas  -         -         -         -         -         -         -         -  23=157 

2.    Yellowish   soft   shales,  immense   numbers  of   Fusulina. 

Sptrt/er  c'a//i^rati4S  \s  ^\so  common ',  2^-^-3  feet  thick        3  =      13     4 

I.  Massive  limestone  of  rather  light  gray  to  buff  color. 
The  quarry  rock.  Flint  in  upper  part  of  stratum  and 
all  of  it  quite  free  from  fossils       -         -         -         -         10     4     =      10     4 

The  following  species  were  collected  in  the  above  ciuarry, 
the  greater  number  from  the  yellow  shales  of   No.  2  : 


CARBONIFEROUS  AND  PERMIAN  FORMA  TIONS         I  57 

Athyris  {Seminuld)  subtilita  (Hall)  Newb.  (c). 

Spirifer  cameratus  Morton  (a). 

EnUUtes  hemiplicatus  (Hall)  H.  &  C.  (rr). 

Productus  semireticulatus  {}X?iX\\xi)  At.  Koninck  (?).     Only  fragments  (rr). 

Chonttes  granulifera  Owen  (rr). 

Spiriferina  kentuckensis  Shum.  (r). 

Hustedia  momionii  (Marcon)  H.  &  C.  (rr). 

Rhombopora  lepidodendroides  Meek  (c). 

Lophophyllum  proliferum  (McChes.)  Meek  (rr). 

Zeacrtnus {})  mucrospinus  McChesney  (r). 

Fusulina  cylindrica  Fischer.    Very  abundant  in  some  shaly  limestones (aa). 

Campophyllum  torquium  (Owen)  Meek  (rr). 

Phillipsia  scitula  M.  &  W.  (rr). 

Archaocidaris  sp.     Plate  and  spines  (r). 

Productus  nebrascensis  Owen  (xx), 

FistuUpora  fioduiifera  Meek  (c). 

Crinoids.     Segments  of  large  stems  (r). 

The  above  fauna  is  that  of  the  Wabaunsee  formation  and  the 
reddish  to  pinkish  limestones  are  similar  in  appearance  to  lime- 
stones near  the  middle  of  the  formation  in  Kansas. 

The  heavy  limestone  near  the  crest  of  the  bluff  on  the 
northern  side  of  the  creek  is  very  prominent  both  above  and 
below  Weeping  Water  for  some  distance,  as  well  as  in  the  village 
itself.  Perhaps  the  best  section  of  the  limestone  and  underly- 
ing rocks  is  afforded  by  the  Reed  quarry,  one-half  mile  east  of 
the  village.  It  is  north  of  the  railroad,  the  base  of  the  Fusulina 
shaly  limestone  being  about  eighty  feet  above  railroad  level  or 
approximately  1160  feet  A.  T. 

SECTION    OF    THE    REED  QUARRY. 

Ft.  Ft. 

9.    Loess,  10  to  12  feet 12         —     63>^ 

8.    Massive  light   gray  limestone  weathering   to   a  whitish 
color.     This  is  the   main  quarry  stone.     It  is  crushed  for 
railroad  ballast  and  burned  for  lime  which  slacks  and  sets 
very  quickly.     In  some  places  it  reaches  a  thickness  of 
12  feet.     Some  flint  and  iron  pyrites  in  upper  part     -  9         —511^ 

7.  Shaly  buff  to  yellowish  fossiliferous  limestone  containing 
abundant  Fusuiinas  in  the  upper  4  feet  and  in  lower 
part  spirifer  canieratus.  Used  for  riprap.  Base  about 
80  feet  above  railroad  level 6^      =     42>^ 
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SECTION  OF  THE  REED  QUARRY COfltinUcd. 

6.  Yellowish  shale  with  plenty  of  Spirifer  cameratus 

5.  Huflf  to  yellowish  limestone  (not  valuable) 

4.  Hlack,  bituminous  shale 

3.  Limestone  quarried  for  building  stone       -         .         - 

2.  Greenish  argillaceous  shales  .         -         .         - 

I.  Red  shale,  thickness  undetermined.     This  stratum  shows 
in  the  village  and  also  in  a  railroad  cut  above  it. 

The  shaly  yellowish  limestone,  No.  7,  of  this  quarry  con- 
tains (juite  a  number  of  fossils,  especially  in  its  lower  part. 
The  following  species  were  collected : 

Athyris  (Semtnula)  subtilita  (Hall)  Newb.  (a). 
Spirifer  cameratus  Morton  (c). 
Enteietes  hemiplicatus  (Hall)  H.  &  C.  (c). 
HyPothyris  {Pujptax)  uta  (Marcou)  H.  &  C.  (r). 
Chonetes  ^ranulifera  Owen  (rr). 
Productus  ion^rispiftus  Sowb.  (rr). 
spirifer  lineatus  Martin  (rr). 
Spiriferina  kentuckensis  Shum.  (rr). 
Lophophyllum  proliferutn  (McChes.)  Meek  (a). 

Fusulina  cylindrica  Fischer.  Abundant  in  some  layers  of  the  yellowish 
shales  (aa). 

Coral  or  sponge  sp.     Large,  undetermined  species  (c.) 
Chirtetes  cf.  carbonarius  Worthen  (r). 
Crinoid  stems  (rr). 

The  main  quarry  stone,  No.  8,  which  is  a  very  light  gray 
compact  limestone,  contains  but  few  fossils,  except  Athyris  sub- 
iilata  (Hall)  Newb.  Sections  of  this  species,  the  interior  of  the 
shells  filled  with  calcite  crystals,  are  not  uncommon  in  the 
limestone.  In  places  there  are  crystals  of  iron  pyrites,  some  of 
them  large,  that  on  weathering  stain  the  stone  as  may  be  seen 
in  some  of  the  buildings  in  Weeping  Water.  The  following 
species  were  collected  in  the  massive  limestone  of  the  Reed 
<iuarry : 

Athyris  {Seminuid)  subtilita  (Hall)  Newb.  (c).     In  the  somewhat  rough 
partings  and  ap|)arcntly  in  the  massive  limestone. 
Productus  longispinus  Sowb.  (rr). 
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Mfekella  stnato-costata  (Cox)  White  &  St.  John  (rr). 
Lophophyllum  proliferum  (McChes.)  Meek  (rr). 
Pleurotomaria  sp.     Small  and  imperfectly  preserved  (rr). 
Crinoid  stems.     Some  flint  with  iron  in  the  limestones  (rr). 

This  massive  limestone,  which  from  its  great  prominence  in 
the  vicinity  of  Weeping  Water  might  be  termed  the  Weeping 
Water  limestone,"  may  be  followed  in  the  bluffs  for  three  miles 
above  Weeping  Water.  At  the  turn  in  the  highway  on  the  north 
side  of  the  creek  about  halfway  between  Weeping  Water  and 
Wabash  is  the  last  exposure  of  the  Weeping  Water  stone  that 
was  seen.  The  limestone  at  this  locality  is  a  light  gray  massive 
one  that  weathers  to  a  whitish  color,  and  closely  resembles  the 
heavy  ledge  in  the  vicinity  of  Weeping  Water.  Below  are  yel- 
lowish, shaly  limestones  with  abundant  specimens  of  Fusulina 
cylindrica  Fischer,  the  same  as  in  the  Reed  quarry.  Estimated 
from  one  barometric  reading,  the  elevation  of  the  base  of  the 
above  limestone  is  i  i8o  feet  A.  T.,  and  as  the  base,  in  the  Reed 
quarry,  three  and  one-half  miles  to  the  east,  is  1 166  feet  there 
is  a  dip  of  four  feet  per  mile  to  the  east.  At  this  place  the  fol- 
lowing species  were  collected  from  the  Weeping  Water  lime- 
stone : 

Atkyris  {Seminuia)  subtilita  {Hail)  Newb.  (c). 
Productus  longispinus  Sowb.  (c). 
Hypothyris  {Pugnax)  uta  {Marcou)  H .  &  C.  (rr). 
Productus  perienuis  Meek  (rr). 

Meekella  striata  costata  (Cox)  White  &  St.  John  (rr).  Very  imperfect 
specimen. 

Dr.  Hayden  briefly  described  the  Weeping  Water  stone  as  a 
*'limestone,  hard,  whitish,  and  yellowish  white;  cropping  out 
at  the  summits  of  the  hills,  and  lying  on  the  slopes  in  large 
masses  eight  to  ten  feet  thick,"'  accompanied  by  a  rather  gen- 
eral section  of  the  bluff.  He  also  described  the  following  shaft 
beginning  in  the  Weeping  Water  valley  near  creek  level  : 

'  This  is  not  intended  as  a  formation  name,  but  is  merely  used  for  convenience  in 
speaking  of  this  limestone  stratum. 

•  Loc.  cit.,  p.  14. 
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Fe«t.  Feet. 

9.  Sandstones  that  form  the  creek  bed  -         -         -  i  o     =     30 

8.  Slate  and  clay 3     =     20 

7.  Coal,  nine  inches ^     =      17 

6.  Whitish,  fire  clay -  3=i6X 

5.  Crystalline  quartz,  three  inches  -         -         -         -  X      =      '3V 

4.  Bluish  clay 4     =      13 

3.  Whitish,  fire  clay -  6=9 

2.  Red  clay 3="3 

1.  Soft  white  limestone  ...... 

The  above  section  is  important  from  the  fact  that  it  shows  a 
stratum  of  coal,  nine  inches  thick,  about  100  feet  below  the  base 
of  the  Weeping  Water  limestone. 

The  very  light  gray  to  whitish  color  on  the  weathered  sur- 
face of  the  Weeping  Water  limestone  suggests  at  first  the  Per- 
mian limestones  of  Kansas,  as,  for  example,  the  Strong  flint  at 
the  base  of  the  Chase  formation ;  but  the  fauna,  especially  of 
the  shaly  limestones  just  below,  indicates  that  they  belong  to 
the  Wabaunsee. 

One  mile  below  Wabash,  on  the  south  bank  of  Weeping 
Water  Creek,  is  the  small  Flow-ers'  quarry. 

SECTION    OF    flowers'  QUARRY. 

Feet. 

4.  Yellowish,  coarse  shales,  containing  plenty  of  fossils.      Thickness 
not  determined. 

3.  Drab,  compact  limestone  in  three  layers,  containing  a  good   many 
fossils,  especially  Prodttcius  per  tenuis  in  the  shaly  parting,     -         -       3  li 

2.  Thin  layer  of  black  bituminous  shale,  ....  ) 

I.  Bluish  coarse  shales  to  creek  level,  .         .         -         -         .  ) 

The  quarry  stone,  No.  3,  has  been  worked  to  a  limited  extent 
for  foundation  stone.  One  reading  of  the  barometer  compared 
with  the  R.  R.  elevation  at  Weeping  Water  makes  this  limestone 
1 1 50  feet  A.  T.  This  indicates  that  it  is  below  the  W^eeping 
Water  stone,  which  is  exposed  two  miles  farther  east  on  the 
north  side  of  the  creek.  The  following  fossils  were  found  in 
this  limestone : 

Spirifer  cameratus  Morton  (r). 
Chonetes  f[ramilifera  Owen  (r). 
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Productus  perUnuis  Meek  (c). 
Productus  nebrascensis  Owen  (r). 
Spiriferina  kentuckensis  Shum.  (c). 
Productus  longispinus  Sowb.  (c). 
Athyris  {Seminuld)  subtilita  (Hall)  Newb.  (c). 
Hustedia  mormonii  (Marcou)  H.  &  C.  (rr). 
Phillipsia  scitula  M.  and  W.  (rr). 
Rhombopora  Upidodcndroides  Meek  (rr). 
Spirifer  {Martinia)  pianoconvexus  Shum.  (rr). 

The  yellowish  shales,  No.  4,  above  the  quarry  stone  have  the 
following  fauna : 

Athyris  {Seminula)  subtilita  (Hall)  Newb.  (aa). 

Chonetes  granulifera  Owen  (a). 

Spirifer  camcratus  Morton  (r). 

Productus  nebrascensis  Owen  (c). 

Productus  longispinus  Sowb.  (r). 

Productus  cora  d'Orbigny  (c).  Perhaps  one  of  the  specimens  is  P.  cos- 
tatus  Sowb.  as  it  has  a  faint  sinus. 

Derby  a  crassa  (M.  &  H.)  H.  &  C.  (c). 

Productus  per  tenuis  Meek  (rr). 

Productus  sevtireticulatus  (Mart.)  de  Koninck  (rr). 

Myalina  swallowi  McChesney  (r). 

Myalina  subquadrata  Shum.  (rr). 

Myalina  perattenuata  M.  &  H.  (rr). 

Myalina  kansasensis  Shum.  (?)  (rr).  Small  specimen.  Characters  not 
clearly  shown. 

Fusulina  cylindrica  Fischer  (aa).     In  some  layers  of  the  yellowish  shales. 

Aviculopccten  occidentalis  (Shum.)  M.  &  W.  (rr). 

Rhombopora  lepidodendroides  Meek  (r). 

Lophophylluvt  proliferum  (McChes.)  Meek  (rr). 

Septopora  biserialis  (Swallow)  Waagen  (r). 

Zeacrinus  mucrospinus  McChesney  (rr).     Calyx  and  spine. 

Crinoids  (r).     Segments  and  parts  of  quite  large  stems. 

These  were  the  last  rocks  found  in  place  along  Weeping 
Water  Creek  which  are  shown  by  their  fauna  to  belong  in  the 
Wabaunsee  formation. 

One  mile  to  the  west  of  Wabash  and  rather  more  than  100 
feet  higher  than  the  Flowers'  quarry,  the*  general  level  of  the 
upland  is  reached.  There  are  very  few  exposures  on  these 
higher  slopes  along  the  upper  part  of   the  Weeping  Water  val- 
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ley,  the  country  being  gently  rolling  and  the  rocks  deeply  cov- 
ered by  loess  and  soil.  According  to  a  residing  farmer  on  this 
upland,  a  well  fifty-six  feet  deep  did  not  strike  hard  rock  but  was 
dug  **in  dirt"  for  its  entire  depth. 

Louisville, — Ten  miles  due  north  of  Weeping  Water  is  Louis- 
ville on  the  Platte  River.  The  Missouri  Pacific  Railroad  station 
is  1042  feet  A.  T.  or  thirty-eight  feet  lower  than  that  at  Weep- 
ing Water.  The  Platte  River  is  shallow,  with  numerous  sand 
bars,  and  at  this  locality  is  nearly  one-half  mile  wide,  lined  on 
both  sides  with  moderately  steep  bluffs.  In  these  bluffs,  both 
above  and  below  the  town,  are  a  number  of  quarries  which  have 
been  or  are  extensively  worked  and  so  afford  an  excellent  idea 
of  the  geology  of  this  region.  On  the  south  side  of  the  river 
are  several  quarries  and  a  section  of  one,  the  Parmlee,  about 
three-fourths  of  a  mile  west  of  the  town  and  south  of  the  B.  & 
M.  R.  Railroad  was  measured.  According  to  the  barometer,  the 
floor  of  this  quarry  is  some  sixty  feet  above  the  Platte  River 
which  makes  it  approximately  1070  feet  A.  T. 

THE    PARMLEE    QUARRY    SECTION: 

Ft.  In.  Ft.  In. 

8.  Loess io±:    :=     32  8 

7.  Rather  rough  light  gray  to  yellowish,  very  fossiliferous 

limestone 36=^     22  8 

6.  Yellow,  very  fossiliferous  clay  shales.     Spirifer  cameratus  12=     19  2 
5.  Light  gray  limestone,  not  in  western  part  of  quarry    -  2        =-     \% 
4.  Green  argillaceous  shales       -         -         -         -         -  6=16 
3.  Red  or  maroon  argillaceous  shales             -         -         -           6        =156 
2.  Rather  shaly,  slightly  greenish  limestone  and  shale   -           26--       96 
I.  Quite  massive  light  gray  limestone,  somewhat  fossil- 
iferous.     Quarry  stone.       Bottom  of  quarry  approxi- 
mately 1070  feet  A.  T. 1     =  7 

The  massive  limestone,  No.  I,  of  the  Parmlee  quarry,  con- 
tains some  fossils,  the  larger  number  of  specimens  occurring  in 
the  somewhat  shaly  partings.  The  following  species  were 
obtained : 

Athyris  {Seminuld)  subtilita  (Hall)  Newb.  (a). 
Productus  longispinus  Sowb.  (c). 
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Productus  nebrascensis  Owen  (rr). 

Spiriferina  kentuckcnsis  Shum.  (rr). 

Fusulina  cylindrica  Fischer  (a).     Abundant  in  certain  layers. 

Archaocidaris  sp.  (rr).     Spine. 

BelUrophon  carbonarius  Cox  (?)  (r).  Imperfectly  preserved  specimens 
of  the  size  and  shape  of  this  species ;  one  specimen  shows  concentric  striae 
that  are  not  mentioned  in  the  description. 

Crinoids,     (c).     Segments  of  stems. 

The  yellow  shales,  No.  6,  contain  a  larger  number  of  species 
and  more  numerous  specimens.     The  list  is  as  follows  : 

Athyris  (Seminuld)  subtilita  (Hall)  Newb.  (c). 
Chonetes  verneuiliana  N.  &  P.  (aa). 
CkoneUs  granulifera  Owen  (c). 
Productus  longispinus  Sowb.  (rr). 
Productus  nebrascensis  Owen  (r). 
Spirifer  (^Martinia)  planoconvexus  Shum.  (r). 
Spirifer  cameratus  Morion  (r). 
Derbya  crassa  (M.  &  H.)  H.  &  C.  (rr). 
Spiriferina  kentuckensis  Shum.  (rr). 
Lophophyllum  Proliferum  (McChes.)  Meek  (rr). 
Rhombopora  lepidodendroides  Meek  (c). 
Septopora  biseriaiis  (Swallow)  Waagen  (c). 
Chcetetes  cf.  carbonarius  Wonhen  (rr). 
Scaphiscrinus  (?)  hemispharicus  (Shum.)  Meek  (r). 
Crinoids  loose  plates  and  also  segments  of  stems. 

Along  the  bluff  on  the  northern  side  of  the  Platte  River, 
opposite  the  Parmlee  quarry,  in  Sarpy  county,  are  several  quar- 
ries that  afford  excellent  exposures.  These  qnarries  contain 
reddish  shales  above  the  light  gray  limestone  and  when  seen  from 
the  southern  side  of  the  river  in  bright  sunshine  form  a  very 
striking  feature  of  the  landscape.  The  Rock  Island  railroad 
follows  the  valley  just  below  the  bluff  and  the  quarries  have 
been  worked  extensively  for  both  building  stone  and  rock  bal- 
last. The  Green  quarry,  near  the  eastern  end  of  the  quarries, 
gives  a  good  section  from  a  little  above  the  railroad  level  nearly 
to  the  crest  of  the  bluff.  It  may  be  considered  as  divided  into 
a  lower  and  an  upper  section,  separated  by  thirty-nine  feet  of 
covered  slope.     A  few  rods  to  the  east  is  another  small  quarry 
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in  rocks  belonging  to   the  same   strata  as   those  of  the  lower 
Green  quarrv. 

SKCTION  OF  THE  GKEEN  QUARRY. 

Ft.  Ft. 

1 6.    Soil  containing  bowlders  of  Dakota  sandstone  2   to   3 

feet  thick 3  —      1 1 2  ^i 

15.    Light  gray  sandstone  ......   5-I-     =      109  ?i 

14.    Shale  with  abundant  ferruginous  concretions  (probably 

the  base  of  the  Dakota  sandstone)       -         -         -         -     yz     =      104/i 

13.    Brownish  yellow  shales  containing  large  flint  pebbles 

mixed  with  others    -         -         -         -         -         -         -       i  =:      104 

12.    Yellowish  brown  shale         -         •         -         -         -         -   i  =103 

II.    Red  shale    more    compact   than   that   in   the    Parmlee 

quarry  on  the  south  side  of  the  Platte  River      -         -       4  =102 

10.    Yellowish  shaly  limestones  -         -         -         -         -  4  =       g8 

9.    Gray  limestone,  in  some  places  very  light  gray  and  in 
others  yellowish.     Fossiliferous  (same  as  quarry  stone 
No.  7  of  Parmlee  quarry  on  south  side  of  the  Platte)       7         =       94 
8.    Covered  slope  ......  3g         =       87 

7.    Brownish  yellow  limestone  that   weathers  to  an  ochre 

color.     Contains  large  numbers  of  fragments  of  shells     2  =48 

6.    Very  yellow  soft  shales  .....       3-(-      =       46 

5.    Grayish,  somewhat  shaly  limestone  -         -         -   1+      =       43 

4.    \fassive  grayish  limestone  with  brownish   specks  and 
blotches.     Some  Fusulinas  and  other   fossils.     Lower 
part  brownish-red  in  places     -         -         -         -         -       6^2      =        42 

3.    Yellowish  shaly  limestone  and  shales  -         -         -   i  /^      =       35  '4 

2.    Light  gray  to  drab  and  bluish  limestone  ;    the  upper 
part  is  more  shaly.     Contains  fossils,  especially /fMjr/5 

subtilita  12         =        34 

I.    Covered  slope,  level  of  Platte   River,  near    loio  feet 

A.  T. 22  = 


'J "» 


The  limestones,  Nos.  2  and  9,  of  the  above  section  are  quite 
fossiliferous,  especially  the  more  shaly  layers.  In  No.  2  the 
following  species  were  collected  : 

Athyris  (^Seminida)  subtilita  (Hall)  Xewb.  (a). 
Spiri/er  cameratiis  Morton  (r). 
Productus  costatus  Sowb.  (r). 
Productiis  longispinus  Sowb.  (rr). 
Productus  nebrascensis  Owen  (rr). 
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Productus  semirtliculaiis i^Haxt-.^A^  Kon.  (?).     Imperfectly  preserveil  (rr). 

Spiiiferina  kentuckensis  Shum.  (rr). 

Fislulipera  noduUfera  Meek  (rr). 

Fusulina  cylindrica   Fischer  (r). 

Zeacrinus  (?)  mucrospinus  McChesney  (rr). 

Archaocidaris  sp.     Spines  (rr). 

Crinoids.     Large  column  (rr). 


Kiii.  2.  View  in  weMern  pari  of  Green  [|uarry  north  of  I'latle  Kiver  at  LouisviUe. 
sliiiii'TnK  line  nf  uncunformBlnlily  between  Dakota  sanll^tone  and  Carboniferous  lime- 
-t'lne,  The  liammer  mark;,  the  limestone,  No.  3  of  section,  on  which  the  Dakota  sand- 
»Ii.nc  rests,  and  only  three  feet  to  the  west,  markcil  by  the  jiick,  the  limestone  is  want- 
ing and  the  Daknta  rests  on  shales  of  No.  2. 

The  :iha!y  layers  of  No.  t)  did  not  furnish  ;is  lar^e  a  nuiiibcr 
of  s|jecies  as  No.  2,  though  the  first  two  species  of  the  follotA'- 
ing  list  were  more  abundant  in  the  upper  than  in  the  lower  liine- 
stDtie.     The  fauna  is  : 

Alkyris  IXfminu/a)  mbUlita  iHall)   Neib.  in'. 

I'roJuctus  lortghpinus  Sowb.  !c). 
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Productiis  costatus  Sowb.  (rr). 
Productus  semireticulatus  (Mart.)  de  Kon.  (rr). 
Spiriferina  kentuckensis  Shum.  (rr). 
Derbya  crassa  (M.  &  H.)  H.  &  C.  (rr). 
Archaocidaris  sp.     Plate  and  spines  (r). 

A  little  farther  west  in  the  upper  Green  quarry  is  an  excel- 
lent exposure  that  differs  somewhat  from  the  one  just  described 
The  section  is  as  follows,  commencing  at  the   top   of  the  red 
shales,  No.  ii,  of  the  eastern  part  of  the  Green  quarry: 

Ft.   In.  Ft.    In. 

6.  Soil  I  =105 

5.  Light  gray  to  whitish   arenaceous  deposit  (very  friable 

sandstone  probably  belonging  to  the  Dakota)  -         -56=       95 

4.  Dark   to   yellowish  brown   sandstone ;  base    of    Dakota 

sandstone.     Prominent  line  of  unconforrr it y  -         -       8     =       3   11 

3.  Massive  light  gray  limestone       -  -         -13=33 

2.  Yellowish  and  greenish  shales, 2         =2 

I.  Top  of  the  red  shales  (No.  1 1  of  the  eastern  part  of  the  quarry). 

This  part  of  the  quarry  shows  very  clearly  the  line  of  uncon- 
formity due  to  erosion  between  the  Carboniferous  (Wabaunsee) 
and  Cretaceous  (Dakota)  systems.  In  places  the  dark  brown 
Dakota  sandstone  rests  on  the  gray  limestone,  No.  3 ;  while  not 
more  than  three  feet  away  the  gray  limestone  is  entirely  absent, 
having  been  worn  away  before  the  deposition  of  the  Cretaceous, 
and  the  Dakota  sandstone  rests  on  the  yellowish  shales,  No.  2, 
of  the  section.  When  this  section  was  studied  the  upper  rocks 
for  several  rods  had  been  recently  removed,  so  that  the  several 
strata  and  the  line  of  unconformity  were  clearly  shown.  The 
line  of  unconformity  is  shown  in  the  accompanying  picture, 
where  the  small  hammer  shows  the  Dakota  resting  on  the  lime- 
stone of  No.  3,  and  the  pick  shows  it  resting  on  the  shales  of 
No.  2.  Many  of  the  large  blocks  of  rock  from  the  wall  of  the 
quarry  showed  clearly  the  line  of  contact,  the  non-calcareous 
brown  Dakota  sandstone  closely  united  to  the  yellowish  cal- 
careous shales  in  which  were  fragments  of  shells.  A  few  rods 
west  of  the  quarry  just  described,  and  across  a  small  run,  is 
another  large  quarry  called  the  Cooley,  which  gave  the  follow- 
ing section : 
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.    Soil, 

.    Light  gray  compact  limestone  .        .         .         .  [ 

,    Red  shale  in  upper  part,  green  shale  in  lower  part       -  2  6 

,    Very  compact  light  gray  limestone,  with  some  flint  I   6 

,    Coarse,  grayish  shale I 

,    Greenish  argillaceous  shale 36 

.    Massive  grayish  Compact  limestone,  with  fossils  -  2   4 

.    Yellowish  shales  that  arc  greenish  at  the  base    -  2 

.    Red,  argillaceous  shales      ■        ■        •        -        -        -  6  6 
.    Shaty   grayish   and    yellowish    limestones   changing  to 

shales 26 

Massive,  grayish  limestone  (bottom  of  the  quarry,)    -  72 


Fic.  3.     View 
Sos.  1-5  ollbe  leci 


From  the  somewhat  shaly  layers  of  No.  i  of  this  quarry  the 
following  fossils  were  collected  : 

AihyHs  {Semiiiula)  sublilila  (Hall)  Newb.  (r). 
Produtlus  eostatus  Sowb.  (rr). 
Prodtutui  ccra  dOrbigny  (r). 
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Myalina  cf.  recurvirostris  M.  &  W.  (rr).  Beak  is  gone  and  the  specific 
identification  is  not  positive  on  that  account. 

The  rocks  at  the  eastern  end  of  this  quarry  are  well  shown  in 
Fig.  3  of  the  pictures,  the  heavy  stratum  near  the  bottom  of  the 
picture  forming  the  top  of  No.  I,  which  is  succeeded  by  Nos. 
2-5  of  the  section. 

The  quarry  limestone,  No.  i,  of  the  above  quarry  is  the  same 
stratum  as  No.  9  (the  quarry  limestone)  in  the  eastern  part  of 
the  Green  quarry.  The  yellowish  shales,  Nos.  12  and  13,  of  the 
eastern  part  of  the  Green  quarry.  No.  2  of  the  western  part,  and 
No.  4  of  the  Cooley  quarry  are  the  same  stratum.  In  the  Green 
quarry  the  Dakota  sandstone  rests  on  either  these  yellowish  shales 
or  the  overlying  limestone  ( No.  3 )  of  the  western  part  of  the  Green 
quarry  ;  but  in  the  Cooley  quarry  there  is  no  Dakota  sandstone, 
though  Carboniferous  rocks  with  a  thickness  of  eleven  feet  ten 
inches  are  shown  above  the  yellowish  shales.  In  the  Green 
'quarry  these  rocks,  with  the  exception  of  the  limestone,  No. 
3,  in  its  western  part,  were  eroded  before  the  deposition  of 
the  Dakota  sandstone.  The  above  data  obtained  on  compar- 
ing the  Cooley  and  Green  quarries  show  that  the  Dakota 
sandstone  was  deposited  in  a  very  irregular  Carboniferous 
floor. 

The  massive  quarry  limestone  in  the  quarries  north  of  the 
Platte  River,  No.  9  of  the  Green  and  No.  i  of  the  Cooley,  is  the 
same  stratum  as  that  quarried  in  the  Parmlee  quarry,  No.  i,  on 
the  south  side  of  the  river.  The  difference  in  elevation  of  the 
base  of  this  limestone  on  opposite  banks  of  the  river,  1097  feet 
A.  T.  on  the  north  side,  and  1070  on  the  south  side,  may  be  due 
partly  to  an  error  in  the  barometric  record,  though  there  is  prob- 
ably some  dip  in  that  direction.  In  the  Parmlee  quarry  fifteen 
feet,  eight  inches  of  Carboniferous  rocks  are  exposed  above  the 
top  of  the  quarry  limestone.  No.  i  of  the  section,  without  show- 
ing the  Dakota;  in  the  Cooley  twenty-three  feet  are  exposed, 
and  in  the  eastern  part  of  the  Green  quarry  there  are  ten  feet 
capped  by  the  Dakota.  This  comparison  between  the  north  and 
south  sides  also  shows  the  irregularity  of  surface  upon  which  the 
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Dakota  sandstone  was  deposited.  Dr.  Hayden  saw  the  contact 
of  the  Carboniferous  and  Cretaceous  rocks ;  but  apparently  at 
localities  where  there  is  not  such  a  clear  line  of  unconformity, 
for  he  said:  **We  find  at  one  or  two  localities  the  Cretaceous 
and  Carboniferous  beds  in  apposition ;  and  though  the  eye  can 
observe  no  apparent  want  of  conformity  in  these  beds,  yet  we 
can  readily  imagine  the  tremendous  effects  of  the  erosion  prior 
to  the  deposition  of  the  sandstone,  from  the  fact  that  hundreds 
of  feet  of  clays  and  limestones  must  have  been  swept  away."' 

In  the  lower  limestone,  No.  2,  of  the  Green  quarry  are  speci- 
mens of  Spirifer  cameraUis  associated  with  other  species  of  the 
Wabaunsee  formation ;  while  in  the  Parmlee  quarry  a  similar 
fauna  with  Spirifer  canieratiis  is  found  in  the  yellowish  shales.  No. 
6,  above  the  quarry  limestone.  On  account  of  this  fauna  and 
their  stratigraphic  position,  all  of  the  Carboniferous  rocks  in 
the  vicinity  of  Louisville  are  referred  to  the  Wabaunsee  forma- 
tion. On  the  Platte  River,  the  Permian  is  not  represented  and 
the  Dakota  sandstone  rests  unconformably  on  the  limestones  and 
shales  of  the  Wabaunsee  formation.  This  is  consequently  a  very 
important  section  as  it  shows  that  the  800  feet  of  Permian  rocks 
exposed  along  the  Kansas  and  Smoky  Hill  rivers  in  Kansas  have 
disappeared  and  the  Dakota  sandstone  of  the  Cretaceous  system 
rests  on  the  Wabaunsee  formation  of  the  Missourian  series  or 
Upper  Carboniferous.  This  conclusion  agrees  with  that  of  Dr. 
Hayden  who  on  his  *' Geological  Map  of  Nebraska"  published 
in  1858  represented  the  Lower  Cretaceous  (now  known  as  the 

*  Fin.  Kep.  L'.  S.  Geol.  Sur.  Nebraska,  p.  9.  Also  on  p.  8  is  the  statement  that 
"near  the  old  Otoe  village,  eight  miles  above  the  mouth  of  the  IMalte  [is]  a  good 
exposure  of  the  sandstone  resting  conformably  on  the  Carboniferous  limestone."  As 
early  as  1858  Meek  and  Hayden  reported  the  Cretaceous  sandstone  on  the  Platte 
Kiver  as  resting  **  directly  upon  Carboniferous  rocks"  near  the  mouth  of  the  Elk  Horn 
River  which  is  some  twenty  miles  above  Louisville  (Proc.  Acad.  Nat.  Sci.  Phil.,  Vol. 
X.  p.  250).  However,  it  appears  that  in  these  early  explorations  of  Meek  and  Hayden 
ihcy  <lid  not  recognize  the  unconformity  between  the  Carboniferous  and  Cretaceous 
f«ir  in  January  1859,  they  published  the  following  statement :  "In  conclusion  we  would 
>t.ite  that  there  is  no  unconformability  so  far  as  our  knowledge  extends,  amongst  all 
the  r<K:ks  (»f  Ne!)raska  and  northeastern  Kansas,  from  the  Coal  Measures  to  the  top  of 
\.\\f.  most  recent  Cretaceous"  (Am.  Jour.  Sci..  2d  ser.,  Vol.  XX VH,  p.  35). 
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Dakota  sandstone)  on  the  Platte  River  as  resting  on  the  Carbon- 
iferous.' On  this  map  the  Permian  was  represented  as  thinning 
out  and  disappearing  at  a  locality  apparently  several  miles  north 
of  Dunbar  and  northwest  of  Nebraska  City ;  while  in  the  report 
of  1872  Dr.  Hayden  clearly  expressed  this  conclusion  in  describ- 
ing the  geology  of  Douglas  and  Sarpy  counties.  Dr.  Hayden 
said:  "If  the  Permo-Carboniferous  and  the  Permian  were  ever 
deposited  over  this  area,  they  were  swept  away  by  erosion  prior 
to  the  deposition  of  the  Cretaceous  rocks.  If  we  follow  the 
valley  of  the  Platte  westward  on  the  northern  side,  we  shall  see 
the  junction  of  the  two  great  periods,  Carboniferous  and  Creta- 
ceous, and  we  shall  find  that  the  beds  of  the  Dakota  group,  or 
what  we  suppose  to  be  the  Lower  Cretaceous  beds  of  the  west, 
rest  directly  down  on  the  limestones  of  the  Upper  Coal  Meas- 
ures."^ There  seems  to  have  been  some  error  in  coloring  the 
geological  map  accompanying  this  report,  for  on  it  the  Permian 
is  represented  as  reaching  the  Platte  valley  at  Saline,  now  called 
Ashland,  thirteen  miles  above  Louisville,  and  then  extending  up 
the  Platte  some  twenty  miles  to  Fremont.  As  a  matter  of  fact 
along  the  river  to  the  east  of  Ashland  are  fine  exposures  of  the 
Dakota  sandstone. 

Meek  described  a  section  of  rocks  on  the  north  side  of  the 
Platte  River  between  three  and  four  miles  above  its  mouth  (about 
ten  miles  northeast  of  Louisville)  which  by  their  fossils  are 
shown  to  belong  to  the  Upper  Carboniferous,  probably  the 
Wabaunsee  formation. 3 

On  the  ridge  to  the  south  of  Louisville  are  exposures  of  the 
lower  part  of  the  Dakota  formation.  One  of  these  is  in  the 
**Fire  Clay"  quarry  of  Captain  Hoover,  one  and  one-half  miles 
south  of  the  village  (Sec.  27,  Tp.  12,  Range  1 1)  where  an  open- 
ing of  about  fifty  feet  has  been  made  in  working  the  middle  part 
of  the  section  for  fire  clay.  The  exposure  begins  on  the  bank 
of  a  small  run  with  an  approximate  altitude  of   1 100  feet  A.  T. 

'Proc.  Acad.  Nat.  Sci.,  Phil.,  Vol.  X. 
^  Kin.  Rep.  Geol.  Sur.  Neb.,  p.  7. 
"^Tbid.^  pp.  90-93. 
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SECTION   OF   CAPTAIN   HOOVER   "FIRE   CLAY"   QUARRY. 

Feet. 

7.  Soilcontainingbowldersof  hard,  dark  brown  Dakota  sandstone      i  =  53 

6.  Light  brown  to  rusty  brown  color  friable  sandstone  with 
streaks  of  iron  brown.  In  the  upper  part,  some  of  the 
hard,  dark  brown  sandstone  (line  of  irregular  bedding)     -     14  =  52 

5.  Brownish  friable  sandstone,  six  inches  to  two  and  one-half 
feet  thick,  the  difference  in  thickness  being  due  to  the 
irregular  line  limiting  the  top  of  this  stratum    -         -         -  2>^  =  38 

4.  Very  hard  dark  brown  sandstone )4:h  =  3SH 

3.  Brown  conglomerate  with  plenty  of  small  pebbles  of  quartz, 

flint,  etc. >^  =  35 

2.  Somewhat  arenaceous  Are  clay  of  light  gray  to  almost  white 
color  with  pinkish  layers.  Some  layers  of  friable  light 
gray  to  whitish  sandstone ;  also  of  brownish  yellow  color. 
About  fifteen  feet  of  this  part  of  the  section  used  for  fire 
clay 30  =  34>^ 

I .  Yellowish,  very  soft  and  friable  sandstone  with  dark  brown 

streaks  (bottom  of  exposure  below  the  quarry)  -  i4>^  =  I4>^ 

In  the  other  quarry  of  Captain  Hoover  (Sec.  23,  Tp.  12, 
Range  1 1 )  the  Dakota  sandstone  has  been  quarried  and  used  to 
a  considerable  extent  in  the  village  buildings.  The  stone  out  of 
which  Captain  Hoover's  house  was  built  some  thirty  years  ago 
has  hardened  somewhat  on  exposure,  and  in  many  of  the  blocks 
the  marks  of  the  tools  used  in  dressing  may  still  be  seen. 
According  to  the  Captain  there  is  about  twenty  feet  of  this 
dark  brown  sandstone  that  may  be  quarried.  It  is  interesting 
to  note  the  difference  in  consolidation  of  the  same  layers  of  the 
Dakota  sandstone  when  separated  by  only  a  short  distance.  The 
Hoover  quarries  are  only  about  one-half  mile  apart  and  still  the 
comparatively  massive  brown  quarry  sandstone  just  described  is 
the  same  stratum  as  the  friable  light  brown  sandstone,  No.  6,  of 
the  **  F'ire  Clay  "  quarry. 

Below  the  sandstone  on  section  23  is  from  fifteen  to  twenty 
feet  of  the  light  gray  to  pinkish  fire  clay.  The  clay  from  both 
of  these  quarries  is  made  into  pottery  and  is  also  used  in  Union 
Pacific  foundry  shops  and  for  crucibles  and  the  lining  of  retorts 
in  smelters.  A  considerable  amount  of  it  is  shipped  to  Omaha 
for  use  in  the  gold  and  silver  smelters.    Samples  were  shown  me 
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of  similar  colored  fire  clay  from  a  pit  near  the  edge  of  the  village. 
The  conglomerate  stratum,  No.  3,  of  the  **  Fire  Clay  '*  quarry  is 
also  present  at  the  base  of  the  sandstone  in  the  Hoover  sand- 
stone quarry.  Near  Captain  Hoover's  house,  below  the  sand- 
stone and  fire  clay,  the  Wabaunsee  limestone  is  shown ;  but  the 
contact  between  the  Wabaunsee  and  Dakota  formations  is  cov- 
ered by  soil. 

Charles  S.  Prosser. 

Union  College. 
Schenectady,  N.  V.,  October  1896. 


THE  GEOLOGY' OF  SAN  FRANCISCO  PENINSULA. 

Dr.  Harold  W.  Fairbanks  accuses  me  in  a  paper  published 
in  the  last  number  of  the  Journal  of  Geology  of  ignoring  him. 
1  have  written  a  **  Sketch  of  the  Geology  of  the  San  BVancisco 
Peninsula**  and  in  doing  so  I  have  '* given  my  attention  almost 
exclusively  to  a  narrow  field  of  complex  geology  and  have  failed 
to  make  use  of  the  results  of  the  work  of  others''  ** Others*' 
is  a  modest  euphemism  for  Dr.  Harold  W.  Fairbanks,  as  appears 
from  a  succeeding  statement  to  the  effect,  that,  in  my  paper 
•*  there  is  a  failure  to  give  recognition  to  some  contemporaneous 
and  earlier  work  in  the  same  general  field,*'  which  statement  is 
annotated  by  a  reference  to  a  paper  of  his  published  as  a  bulletin 
of  the  Geological  Society  bearing  the  date  December  1894.  If 
the  charge  applies  to  this  particular  paper  it  is  baseless.  My 
** Sketch'*  was  forwarded  for  publication  in  June  1894,  six 
months  or  more  before  the  appearance  of  the  bulletin  which  he 
insists  should  have  been  recognized.  If  it  applies  to  earlier 
papers  I  must  plead  charitable  motives  in  gently  passing  them 
over  without  comment.  Justice,  too,  joined  with  mercy  in  bar- 
ring me  from  quoting  from  his  earlier  papers  statements  which 
he  has  since  repudiated,  as  for  example,  regarding  the  age  of  the 
granite  of  the  Coast  Ranges.  It  would  have  been  scarcely  fair 
to  quote  from  himself  views  in  which  it  now  **  seems  to  him  there 
is  no  validity  whatever.*'  Dr.  Fairbanks  is  fortunately  not  to  be 
measured  by  his  earlier  papers,  and  the  marked  improvement  in 
his  later  work,  due  in  some  measure  to  good  University  labora- 
tory discipline,  commands  the  respect  and  recognition  which  it 
deserves. 

Evidently  grieved  at  the  supposed  discourtesy  with  which  he 
charges  me,  Dr.  Fairbanks  proceeds  to  subject  my  ** Sketch"  to 
a  '*  friendly  criticism.**  The  friendliness  is  gratefully  appreciated 
but  the  object  of  it  is  troubled  with   an    uncanny  curiosity  as  to 
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what  manner  of  criticism  he  should  deal  out  to  his  enemy ^  should 
that  unfortunate  be  so  foolish  as  to  discuss  Coast  Range  geology 
in  print. 

The  review,  in  spite  of  the  peculiar  friendliness  which  ani- 
mates it,  and  the  voluminous  beliefs  and  opinions  with  which  it  is 
inflated,  contains  some  more  serious  elements  of  scientific  crit- 
icism. Were  my  work  in  this  field  closed,  I  should  feel  it  incum- 
bent upon  me  to  reply  promptly.  As  my  studies  are,  however, 
still  in  progress,  so  far  as  my  limited  time  will  permit,  and  as  I 
hope  on  a  future  occasion  to  offer  a  further  contribution  to  the 
geology  of  the  central  Coast  Ranges  I  shall  for  the  present 
defer  the  discussion  of  the  points  raised  by  my  critic,  and  so, 
conceding  nothing,  avoid  a  controversy  distasteful  to  me  by 
reason  of  the  personal  feeling  which  vitiates  its  scientific  worth. 

Andrew  C.  Lawson. 

Berkeley,  Feb.  26,  1897. 


NOTE  ON  THE  GEOLOGY  OF  SOUTHWESTERN 

NEW  ENGLAND. 

In  two  papers  entitled  respectively,  **On  the  Geological 
Structure  of  the  Mount  Washington  Mass  of  the  Taconic  Range" 
and  **On  the  Geological  Structure  of  the  Housatonic  Valley  lying 
East  of  Mount  Washington/**  the  writer  has  considered  the  lime- 
stone and  schist  masses  of  the  area  covered  by  the  papers  to  be 
each  separable  into  two  formations,  the  limestone  alternating 
with  the  schist  and  together  comprising  a  series  corresponding 
to  that  of  Greylock  some  thirty-five  miles  to  the  north.  This 
conclusion  was  reached  from  both  lithological  and  structural 
considerations.  The  strongest  reason  for  believing  the  full  Grey- 
lock  series  to  be  present  was  the  apparently  anticlinal  character 
of  certain  ridges  of  Berkshire  schist.  These  ridges  were  repre- 
sented as  Riga  schist  (equivalent  to  Berkshire)  and  the  lime- 
stone surrounding  them  as  Egremont  limestone  which  was  sup- 
posed to  correspond  to  the  Bellowspipe  limestone  of  Greylock. 
The  areal  continuity  of  this  limestone  with  the  limestone  of 
Canaan,  which  immediately  overlies  the  Cambrian  quartzite  and 
must  therefore  be  considered  Stockbridge,  was  explained  by  an 
important  strike  fault  which  can  be  shown  to  follow  approxi- 
mately the  course  of  the  Housatonic  River  for  a  considerable 
distance. 

As  fully  explained  in  the  first  of  the  papers  the  area  is  one 
in  which  the  structures  indicating  bedding  have  been  largely 
effaced  during  the  folding  and  new  structures  have  been  devel- 
oped. In  only  a  few  instances  has  it  been  possible  to  obtain  a 
sufficient  number  of  reliable  dip  observations  to  determine  with 
certainty  the  nature  of  the  folding. 

Since  the  papers  above  referred  to  were  written  further  study 

has  been  given  to  the  area  in  the  effort  to  find  a  locality  where 

'JoirRSAL  OF  Geology,  Vol.  I,  pp.  717-736,  780-802. 
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the  structure  of  the  apparently  anticlinal  ridges  of  Berkshire 
schist  could  be  determined  with  certainty.  In  the  ridge  of 
schist  immediately  to  the  south  of  the  east  Twin  Lake  in  the 
township  of  Salisbury  and  in  the  mass  of  Tom  Ball  near  Housa- 
tonic  village  the  observations  obtained  have  been  sufficiently 
numerous  and  reliable  to  show  that  the  folds  are  either  over- 
turned anticlines  with  easterly  dipping  axial  planes  or  nearly 
recumbent  fajincd  synclines  with  the  axial  planes  inclined  to  the 
eastward.  In  Tom  Ball  attempts  to  follow^  the  fold  in  the  direc- 
tion of  the  strike  taking  note  of  the  pitch  of  the  axis  with  a  view 
of  determining  whether  the  surrounding  limestone  goes  below 
or  above  the  schist  on  the  end  of  the  fold,  afforded  no  positive 
results.  On  the  other  hand  the  ridge  south  of  Twin  Lakes  was 
followed  southward  into  Watawanchu  Mountain  where  the  lime- 
stone can  be  seen  to  pass  under  the  schist  on  the  end  of  the 
fold.  This  latter  locality  is  therefore  a  crucial  one  and  show-s 
that  the  apparent  anticlines  of  schist  are  nearly  recumbent  syn- 
clinal folds  with  the  necks  compressed  so  as  to  produce  a  fan 
structure. 

Turnip  Rock  in  Salisbury  was  shown  to  be  a  syncline  by  Dana, 
and  the  writer  has  referred  to  it  as  one  of  the  best  observed 
localities  to  show  the  superior  position  of  much  of  the  schist  (for- 
merly called  Everett  schist)  to  the  valley  limestone.  A  study  in 
detail  of  this  hill  shows  that  it  is  made  up  of  a  fold  similar  to 
those  of  the  apparent  anticlines,  though  here  the  limestone  com- 
pletely surrounds  the  hill  and  dips  so  as  to  form  a  shallow  basin. 
The  peculiar  character  of  the  fold  is  only  revealed  in  the  dips  of 
the  schist  high  up  on  the  slopes  of  the  hill. 

In  view  of  the  definiteness  of  the  above  determinations  it  is 
best  to  substitute  for  the  local  terms  Canaan  limestone  and 
Riga  schist  the  terms  Stockbridge  limestone  and  Berkshire 
schist,  which  they  were  supposed  respectively  to  represent  and 
which  they  are  now  shown  to  be.  The  Kgremont  limestone 
should  be  replaced  by  the  Bellowspipe  limestone,  which  it  was 
thought  to  be,  and  its  distribution  is  limited  to  that  of  the  cal- 
careous schist  and  limestone  of  the  summit  plain  of  Mt.  Wash- 
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ington,  the  limestone  of  the  Housatonic  Valley  being  included 
in  the  Stockbridge  limestone.  The  Everett  schist  which  is 
here  shown  to  be  identical  with  the  Riga  schist,  should  like  it  be 
mapped  as  Berkshire  schist.  I  am  glad  to  be  able  to  acknowl- 
edge my  indebtedness  to  Dr.  Van  Hise  for  much  valuable 
assistance  in  reaching  a  definite  settlement  of  this  problem. 

Wm.  H.  Hobbs. 


Studies  for  Students. 


DEFORMATION  OF  ROCKS.     V. 


SUPPLEMENTARY  NOTES.' 

Separatioji  of  the  outer  part  of  the  earth  into  zones, —  In  dividing 
the  outer  part  of  the  crust  of  the  earth  into  an  upper  zone  of 
fracture,  a  middle  zone  of  combined  fracture  and  plasticity,  and 
a  lower  zone  of  plasticity,'  three  factors  should  be  taken  into 
account,  ( i )  the  depth  of  burying,  and  therefore  the  vertical 
pressure,  (2)  the  relative  strength  and  plasticity  of  the  materials, 
and  (3)  rapidity  of  deformation. 

If  the  last  two  factors  were  constant,  as  a  result  of  the 
first  factor  the  zone  of  plasticity  would  be  directly  below  the 
zone  of  fracture  with  a  possible  narrow  transition  zone.  The 
greater  the  strength  of  materials,  and  the  greater  the  rapidity  of 
•deformation,  the  deeper  is  the  zone  of  plasticity.  The  weaker  and 
imore  plastic  the  materials,  and  the  slower  the  deformation,  the 
nearer  the  surface  is  the  zone  of  plasticity.  However,  as  these 
factors  vary  greatly  there  is  a  wide  middle  zone  of  combined 
fracture  and  plasticity.  Some  rocks  may  be  deformed  by  plastic 
flow  very  near  the  surface,  and  others  by  microscopical  fractur- 
ing at  a  great  depth.  As  illustrating  this,  a  bed  of  mud  may  be 
deformed  without  fracture  at  or  near  the  surface.    Upon  the  other 

*  Figure  loi,  on  page  595,  of  my  paper  on  the  Principles  of  North  American  prc- 
Cambrian  Geology,  in  the  Sixteenth  Ann.  Rept.  of  the  U.  S.  Geol.  Survey,  Part  I,  was 
taken  from  Dr.  Carl  Futterer.  The  statement,  "After  Futtcrer"  was  in  the  manu- 
script list  of  illustrations,  but  by  mistake  this  was  omitted  in  printing. 

'(A)  Principles  of  North  American  pre-Cambrian  Geology,  by  C.  R.  Van  Hise; 
with  an  appendix  on  Flow  and  Fracture  of  Rocks  as  related  to  Structure,  by  L.  M. 
HosKiNS.     Sixteenth  Ann.  Rep.  U.  S.  Geol.  Surv.,  Part  I,  1896,  pp.  589-603. 

(B)  Deformation  of  Rocks,  by  C.  R.  Van  Hise.    Jour,  of  Geol.,  Vol.  IV,  1800. 

pp.  195-213. 
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hand  the  strongest,  brittlest  rocks  in  the  deepest  zone  observable 
may  be  partly  deformed  by  complex  fracturing  along  intersect- 
ing shearing  planes,  but,  however,  without  spaces  between  the 
particles.  In  the  deepest  seated  zone  the  fracturing  of  the  min- 
eral particles  may  be  so  uniformly  distributed  as  to  give  slight 
undulatory  extinction  only,  the  ultimate  particles  between  which 
differential  movements  have  occurred  or  differential  stresses  are 
at  work  not  being  discriminated  as  such  even  with  the  most  pow- 
erful objective.  However,  in  some  of  the  deformed  strong  rocks 
even  such  stress  effects  as  undulatory  extinction  are  not  marked, 
and  in  this  case,  the  material  must  have  been  largely  released 
from  strain,  just  as  in  the  case  of  viscous  liquids  which  for  a  time 
after  deformation  show  stress  effects,  but  which  later  free  them- 
selves from  them.  Such  profound  changes  are  believed  to  involve 
recrystallization,  water  being  the  agent  through  which  alteration 
took  place. 

It  IS  also  conceivable  that  where  the  deformation  is  very 
slow,  even  strong,  brittle  rocks  may  be  deformed  by  plastic 
flow  comparatively  near  the  surface.  But  as  shown  by  deep 
tunnels,  some  of  which  have  in  places  a  superincumbent  load  of 
rock  a  mile  thick,  if  flow  does  occur,  it  is  very  slow  indeed. 
This,  too,  is  in  spite  of  the  fact  that  a  tunnel  is  substantially  a 
cylinder,  very  long  in  comparison  to  its  width,  and  therefore 
that  if  the  stress  amounts  to  one  half  of  the  elastic  limit  of  the 
rock,  flowage  would  result.*  But  in  estimating  the  stress  in  the 
case  of  tunnels,  it  is  to  be  considered  that  the  mountain  mass 
does  not  have  vertical  but  sloping  sides,  and  hence  is  really  a 
flat  cone.  While  from  the  above  it  is  clear  that  the  superincum- 
bent weight  of  thousands  of  feet  of  rock  is  not  sufficient  to 
cause  flowage  in  very  strong  rocks,  it  is  equally  certain  that  in 
softer  rocks,  such  as  shale  and  coal,  flowage  occurs  under  much 
less  weight  than  this,  as  shown  by  the  creeping  and  closing  of 
some  galleries  in  mines,  which  at  a  depth  of  one  thousand  feet  or 
less,  have  from  time  to  time  to  be  cut  out,  so  as  to  compensate 
for  the  creeping  flow  which  has  tended  to  close  them. 

« Loc.  cit,  (A),  pp.  592 ;  (B),  p.  199. 
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Notwithstanding  all  of  the  foregoing  difficulties  and  quali- 
fications, it  is  still  possible  in  the  field  to  place  most  masses  of 
rock  somewhat  definitely  in  one  of  the  three  zones,  the  predomi- 
nant phenomena  in  most  cases  of  tolerably  homogenous  rocks 
being  either  fracture  or  flowage,  while  in  heterogeneous  rocks 
of  many  districts  fracture  and  flowage  are  both  of  importance. 

Plastic  flow  produces  folduig, —  It  has  been  pointed  out  that  the 
zone  of  plastic  flow  is  in  the  zone  of  folding.'  Under  the  condi- 
tions of  flowage,  where  the  laws  of  hydrodynamics  obtain,  there 
is  a  constant  tendency  to  approach  equilibrium.  But  because 
rocks  are  heterogeneous  both  in  strength  and  magnitude  of  ele- 
ments, this  tendency  results  in  very  complex  flowage,  and  the 
resultant  forms  of  deformation  include  all  varieties  of  rock  folds. 
However,  this  complexity  of  flow  presents  no  exceptions  to  the 
laws  of  hydrodynamics.'  At  any  moment,  for  any  homogeneous 
small  plastic  area,  for  any  forces  which  may  be  at  work,  the 
deformation  obeys  the  laws  of  hydrodynamics,  i,  e.,  the  material 
moves  in  the  direction  of  least  stress. 

Complex  folds, —  It  has  been  stated  that  the  two  sets  of  simple 
folds  making  up  complex  folds  have  a  tendency  to  be  at  right 
angles  to  each  other.  This  appears  to  follow  as  a  necessity  from 
the  laws  of  mechanics.3  Any  number  of  pressures  in  all  directions 
may  be  analyzed  into  three  pressures  at  right  angles  tr  one 
another,  these  being  maximum,  mean,  and  minimum  pressures. 
At  the  outset  of  the  action  of  the  folding  forces,  because  the 
beds  and  formations  act  as  transmitters  of  forces,  there  will  be 
a  tendency  for  two  of  the  principal  directions  of  stress  to  be 
parallel  to  the  bedding,  and  the  other  of  the  principal  directions 
of  stress  to  be  normal  to  the  bedding.  Even  after  the  layers 
are  inclined  it  will  still  be  true  that  at  any  moment  the  tangen- 
tial forces  may  thus  be  analyzed.  Thus  we  have  the  explana- 
tion of  rectangular  systems  of  folds  in  districts  of  complex 
folding.  The  closer  folds  are  at  right  angles  to  the  greater 
horizontal  pressure,  and  the  more   open  cross  folds  are  at  right 

*  Loc.  cit.,  (A),  p.  594  ;  (B),  p.  202.  3  Lqc.  cil.,  p.  627  (A) ;  (B)  p.  345. 

'In  my  previous  articles  on  deformation  by  plastic  flow  I  have  used  the  word 
kydrostatic.     The  word  hydrodynamic  should  have  been  used. 
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angles  to  the  less  horizontal  pressure.  It  may  be  that  the 
tangential  forces  in  either  direction  constitute  a  vertical  couple, 
and  in  such  cases  monoclinal  folds  may  be  produced.* 

While  for  a  given  district  it  may  be  assumed  for  definite  areas 
that  the  average  direction  of  the  maximum  and  mean  forces 
remain  the  same  for  considerable  intervals  of  time,  it  does  not 
follow  that  in  the  adjacent  districts,  or  in  another  part  of  the 
same  district,  the  relative  values  of  these  may  not  be  reversed, 
and  thus  the  direction  of  the  closer  folds  for  one  part  of  the  dis- 
district  be  that  of  more  open  folds  of  another  part  of  the  district. 

Moreover,  as  a  result  of  the  action  of  the  formations  as 
transmitters  of  forces,  plications  may  be  formed  intermediate 
between  the  two  prevalent  directions.  Minor  plications  deviat- 
ing from  the  general  directions  of  folding  are  particularly  likely 
to  be  seen  when  the  two  tangential  forces  are  about  equal,  thus 
forming  domes,  and  at  places  where  a  strong  formation  plungtfs 
below  the  surface  as  a  result  of  the  cross  folding.  In  such  cases 
the  strata,  especially  the  weaker  strata,  may  be  in  a  set  of  radial 
minor  plications,  mantling  around  the  dome  or  mantling  around 
the  plunging  mass  of  strong  material.  At  each  point  the  axes 
of  the  minor  plications  represent  the  dip  of  the  slopes  of  the 
dome  or  of  the  stronger  bed.  Such  plications  result  from  the 
necessary  readjustment  between  the  beds.  To  illustrate  —  when 
a  piece  of  leather  is  placed  upon  a  hemisphere,  it  will  fit  closely 
at  the  top,  but  cannot  be  made  to  fit  along  the  sides  of  the 
hemisphere  unless  portions  be  cut  out.  In  nature  the  rocks  can- 
not be  cut  out,  and  as  a  consequence  we  have  the  radial  flutings, 
which  in  the  case  of  anticlines  plunge  away  from  the  crest,  and 
in  the  case  of  synclines  plunge  toward  the  trough.  These  flut- 
ings, and  the  consequent  radiating  or  converging  character  of 
the  minor  axial  planes,  are  frequently  of  great  assistance  in 
determining  whether  a  given  mountain  mass  is  an  anticlinorium 
or  a  synclinorium.  However,  it  appears  that  the  arrangement  of 
these  flutings  is  no  exception  to  the  general  law,  for  there  is 
always  a  marked  tendency  for  strong  beds  to  decompose  the 

»Loc.  cit..  (A),  pp.  626-627;  (B).  pp.  343-345- 
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forces  into  components  parallel  to  their  strike  and  dip  at  any 
given  point,  and  thus  the  axes  of  these  minor  plications  would 
correspond  to  the  local  directions  of  greater  and  less  thrust. 

Motwcliiial  anticlines  and  synclines. —  In  regions  of  close  mono- 
clinal  folds,  the  axial  planes  of  which  have  a  low  dip,  and  espe- 
cially if  there  be  a  little  fanning,  it  may  be  difficult  to  discriminate 
between  anticlines  and  synclincs.  This  principle  is  well  illustrated 
by  the  relations  of  the  limestone  and  schist  in  the  Housatonic 


Valley.  The  Stockbridge  limestone  composes  the  lowlands  for 
the  most  part.  Rising  from  the  lowlands  are  numerous  schist 
ridges,  varying  from  small  hills  to  mountains  such  as  Tom  Ball  and 
Lenox,  the  summits  of  which  are  from  several  hundred  to  a  thou- 
sand or  more  feet  above  the  valley.  These  schist  ridges  are,  in 
fact,  synclines  which  rest  upon  the  limestone.  However,  obser- 
vations of  the  dip  across  the  ridge  would  in  many  ca^es  lead  to  the 
conclusion  that  they  are  anticlines,  as  upon  opposite  sides  of  the 
ridge  there  is  a  divergence  downward  in  the  dip  (Fig.  i).  Of 
course  dip  of  bedding  is  here  meant, —  not  dip  of  scbistosity, 
which,  while  variable,  dips  with  considerable  regularity  to  the 
east.  This  anticlinal  appearance  is  well  illustrated  by  the  hill 
called  Turnip  Rock  and  the  larger  hill  known  as  Barack  M'Teth. 
and  also  by  Tom  Ball,  all  in,  or  partly  in,  the  area  covered  by 
the  Sheffield  topographic  sheet  of  Massachusetts.     In  each  of 
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these  cases,  if  the  dips  of  the  schist  observed  in  crossing  a 
ridge  were  alone  considered,  the  ridges  would  unquestionably  be 
called  anticlines.  Also  if  the  layers  of  limestone  immediately 
adjacent  to  the  schists  were  taken  into  account,  the   same  con- 


clusion would  be  reached  (Fig.  z).  While  the  dips  in  each  case, 
both  on  the  east  and  west  sides  of  the  ridges,  are  generally  to 
the  east  (locally  west  dips  are  formed  on  the  west  sides  of  the 
ridges),  on  the  east  side  of  each  ridge  the  dip  is  flatter  than 
on  the  west  side,  thus  making  a  divergence  downward.  Fortu- 
nately, however,  in  the  case  of  Turnip  Rock,  the  limestone  at 
both  the  north  and  south  ends  of  the  hill  is  traced  to  the  schist, 
and  is  found  to  plunge  under  it.  In  fact,  at  the  south  end  of 
the  mountain  the  limestone  can  be  almost  continuously  traced 
under  the  schist,  and  seen  to  bend  suddenly  from  an  almost  flat 
p>osition  to  its  overturned  position.  A  study  of  Barack  M'Teth 
and  other  mountains  and  their  relations  shows  that  Turnip  Rock 
is  unquestionably  a  type  of  the  remainder  of  the  ridges  of  the 
district.  They  are  nearly  recumbent,  slightly  fan-shaped  syn- 
clines.  In  the  areas  between  the  schist  ridges  the  limestone 
has  for  the  greater  part  of  the  distances  a  continuous  rather 
moderate  dip  to  the  east.  It  is  only  near  the  east  side  of  the 
ridges  that  the  sudden  turning  over  of  the  anticline  may  be  found. 
A  section  through  two  synclinal  schist  ridges,  with  intervening 
limestone,  is  generalized  in  Fig.  2.  It  is  to  be  noted  that  if  the 
plain  of  denudation  had  cut  somewhat  lower,  so  as  to  remove 
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all  but  remnants  of  the  schist  (see  dotted,  lines  Figs,  i  and  2), 
these  lower  parts  would  appear  as  ordinary  synclines,  with  little 
or  no  evidence  of  fanning.  Indeed,  in  the  case  of  a  number  of 
the  schist  ridges  in  the  Housatonic  Valley,  erosion  has  so  far 
advanced  as  to  have  left  only  the  lower  part  of  the  synclines. 
Thus  one  who  studies  two  adjacent  schist  ridges  cut  to  differ- 
ent depths  and  overlooks  the  intermediate  anticline  of  limestone, 
which  is  difficult  to  discover  because  of  the  poor  exposures, 
might  infer  that  one  is  an  anticline  and  therefore  is  overlain  by 
the  limestone,  and  that  the  other  is  a  syncline  and  is  therefore 
underlain  by  the  limestone.  (See  Fig.  2.)  The  conclusion 
would  thus  be  reached  that  there  are  two  schist  formations,  one 
of  which  is  older  than,  and  the  other  of  which  is  younger  than, 
the  limestone,  whereas  there  is  only  a  single  schist  formation, 
and  all  ridges  whether  apparently  anticlines  or  synclines,  are 
parts  of  synclines  of  the  same  type  and  all  overlie  the  limestone. 
Positiofis  of  cleavage  in  anticlines  aftd  synclines. —  In  another 
place  I  have  given  the  general  law:*  **On  opposite  limbs  of 
a  fold  the  cleavage  usually  dips  in  opposite  directions.  Upon 
opposite  sides  of  an  anticline  the  cleavage  usually  diverges 
downward,  and  on  opposite  sides  of  a  syncline  it  usually  con- 
verges downward."  No  instance  of  this  principle  was  given. 
Since  this  was  written  it  has  been  found  that  this  principle  is 
well  illustrated  on  Mount  Barack  MTeth  above  mentioned,  upon 
the  southern  part  of  Mount  Washington  in  Massachusetts,  and 
upon  all  of  the  various  synclines  of  Manhattan  schist  of  Man- 
hattan Island  and  of  the  area  to  the  northward.  In  each  of 
these  cases  the  areas  are  synclinal,  and  in  all  of  them  the  cleav- 
age on  opposite  sides  of  the  ridges  converges  downward.  Subor- 
dinate anticlines  of  the  Manhattan  schist,  in  synclinoria  which 
illustrate  the  above  principle,  show  the  reverse  principle,  that  is, 
the  cleavage  diverges  downward  upon  opposite  sides  of  the 
minor  anticlines.  This  principle  is  also  illustrated  at  the  anti- 
cline of  Fordham  gneiss  a  short  distance  south  of  Harlem 
Bridge.     In  many  of  these  cases  the  folds  are  monoclinal,  and 

'  Loc.  cit.,  (A),  pp.  649-650;  (B),  p.  474. 
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in  ^ome  of  them  the  cleavage  is  also  monoclinal,  but  still  shows 
divergence  or  convergence  downward  upon  opposite  sides  of  a 
fold  according  to  the  law.  In  the  monoclinal  syncline  the 
monoclinal  cleavage  on  opposite  sides  of  the  limb  converges 
downward,  and  in  the  monoclinal  anticline  the  monoclinal  cleav- 
age on  opposite  sides  of  the  limbs  diverges  downward. 


Fio.  3. 


It  may  be  suggested  that  in  cases  where  metamorphism  has 
gone  so  far  that  it  is  diflicult  to  determine  bedding  this  prin- 
ciple of  the  convergence  downward  of  cleavage  on  opposite 
sides  of  a  syncline,  and  divergence  downward  of  cleavage  on 
opposite  sides  of  an  anticline,  may  be  used  to  determine  whether 
a  series  of  folded  exposures  are  anticlinal  or  synclinal.  In 
another  case,  where  the  bedding  is  somewhat  obscure  and  dips 
difHcult  to  get,  it  may  be  used  as  confirmatory  evidence  of  the 
observations  made  upon  the  bedding. 

Relations  of  cleavage  produced  by  shearing  to  shortening. —  In 
the  production  of  cleavage  as  a  result  of  simple  shearing. 
Professor  Hoskins  has  pointed  out  that  the  cleavage  approaches 
parallelism  to  bedding  faster  than  does  a  line  originally  normal 
to  the  bedding.'  As  the  actual  positions  of  the  cleavage  result- 
ing from  definite  shears  and  the  relations  of  original  circles  to 
equivalent  flattened  ellipses  (Fig,  3)  arc  matters  of  some  practical 
importance  in  the  field,  Mr.  E.  C,  Bebb  was  asked  to  tabulate  the 
positions  of  the  major  axes  of  the  flattened  ellipses,  the  values  of 

■flow  and  Fraclure  of  Rocks  >s  Related  to  Structure,  hy  L.  M.  IIoskins. 
.appendix  to  Principles  of  North  American  pre-Cambrian  Geology,  by  C.  K.  Van 
IIISE,  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Surv..  Part  I,  1896.  pp.  ilyo-ti?!. 
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the  major  and  minor  axes  of  the  ellipses  compared  with  those  of 
the  diameters  of  equivalent  circles,  the  ratios  between  the  last  two, 
and  the  ratio  between  the  diameters  of  the  original  circles  and  the 
minor  axes  of  the  equivalent  ellipses,  for  rotations  of  a  vertical 
line  at  intervals  of  5'.'  This  table  is  as  follows,  the  positions  of 
the  major  axes  of  the  ellipses  being  calculated  to  the  nearest  1 ' : 
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The  facts  of  this  table  are  graphically  represented  by  Fig.  3 
for  a  rotation  of  a  vertical  line  amounting  to  45°. 

It  is  of  interest  to  note  that  the  table  shows  that  with  the 
least  possible  shearing  the  greater  diameter  of  an  ellipse  is 
inclined  45°  to  the  vertical,  or  45°  is  the  smallest  or  limiting 

'  The  position  o(  the  major  axis  of  a  flallened  ellipse  wtlh  reference  to  the  position 
of  a  vertical  line  rotated  a  definite  amount,  and  vice  versa,  resulting  (roro  shearing, 
may  be  calculated  from  (he  following  relation ;  The  tangent  of  twice  the  angle 
between  a  horizontal  line  and  a  rotated  vetlical  line  (complements  of  the  angles  of 
column  1 1  is  eijual  to  twice  the  tangent  of  the  angle  between  a  horiiuntal  line  and  the 
corresponding  major  diameter  of  the  flattened  ellipse  (angles  of  column  3).  Assigning 
any  possible  value  to  either  angle,  the  other  is  easily  calculable. 
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angle.  That  is  to  say,  the  highest  possible  dip  which  a  cleavage 
can  have  as  a  result  of  simple  shearing  is  45°.  The  greater 
differences  between  the  positions  of  the  rotated  vertical  lines 
and  the  major  axes  of  the  flattened  ellipses  result  from  the 
smaller  rotations  and  the  largest  or  limiting  value  is  45**.  The 
differences  between  the  positions  of  the  rotated  verticals  and 
the  corresponding  major  axes  of  the  flattened  ellipses  rapidly 
diminish  in  amount  with  the  increased  rotation  of  the  verticals, 
and  for  rotations  of  75°  and  above  the  differences  are  less  than  1°. 
The  last  column  (7)  shows  the  relative  efficiency  in  the  produc- 
tion of  cleavage  of  simple  shearing,  as  compared  with  shortening 
in  a  single  direction  with  consequent  elongation  in  another 
direction.  From  this  column  it  is  seen  that  shearing  which 
rotates  the  vertical  by  10**  is  equivalent  to  a  shortening  of  some- 
what less  than  one-tenth  ;  that  a  rotation  of  the  vertical  of  20*^  is 
equivalent  to  a  shortening  of  about  one-sixth  ;  that  a  rotation  of 
the  vertical  of  30°  is  equivalent  to  a  shortening  of  about  one- 
fourth  ;  that  a  rotation  of  the  vertical  of  45^  is  equivalent  to 
a  shortening  of  a  little  more  than  one-third  ;  that  a  rotation 
of  60*  is  equivalent  to  a  shortening  of  a  little  more  than 
one-half;  and  that  a  rotation  of  75°  is  equivalent  to  a  short- 
ening of  about  three -fourths.  Of  course  the  ratios  between 
the  minor  and  major  axes  of  the  ellipses  are  the  same  for  short- 
ening and  corresponding  shearing. 

In  the  actual  production  of  cleavage,  shortening  and  rota- 
tion are  combined  in  various  proportions^  It  would  be  inter- 
esting to  know  certainly  the  amount  of  simple  shearing  and 
of  shortening  which  is  necessary  to  produce  ordinary  slaty 
cleavage.  I  have  pointed  out  in  another  place  *  that  cleavage 
develops  more  largely  from  the  formation  of  new  minerals 
than  from  the  flattening  of  the  old  mineral  particles,  and  I  am 
inclined  to  believe  that  a  very  moderate  amount  of  shearing  or 
shortening  is  sufficient  to  produce  the  structure  imperfectly  — 
possibly  as  little  as  that  represented  by  a  shortening  of  10  per 
cent.,  or  a  rotation  of  the  vertical  of  about  10°.     Upon  the  other 

« Loc.  cit.,  (A),  p.  635  ;     (B),  pp.  451-453. 
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hand  it  is  certain  that  in  many  schists  the  actual  shearing  and 
shortening  is  several  times  this  amount.  The  major  axes  of  the 
flattened  ellipses  in  the  extreme  phases  of  deformation  are 
sometimes  from    lo  to  20  times  as  long  as  the  minor  axes. 

Relations  of  cleavage  and  fissility  to  faults,  —  It  has  been 
explained  that  the  shearing  resulting  in  cleavage  or  the  shear- 
ing resulting  in  fissility  may  accomplish  the  same  kind  of  defor- 
mation as  does  thrust  faulting.*  It  is  equally  true  that  if,  after 
a  fissility  is  produced,  the  rocks  are  under  conditions  of  tension, 
numerous  minor  slips  along  planes  of  fissility  may  result,  the 
effect  of  which  is  equivalent  to  normal  faulting.  In  different 
districts,  in  the  Appalachians,  for  instance,  at  various  places  in 
the  Cranberry  sheet,  at  Blowing  Rock,  N.  C,  and  in  Georgia  and 
Alabama,  there  have  been  observed  during  the  past  season  the 
results  of  widespread,  somewhat  uniformly-spaced,  differential 
movements  between  laminae  at  intervals  varying  from  ^^  to  J^ 
of  an  inch.  In  numerous  cases,  as  a  result  of  these  differential 
movements,  the  formations  of  district  are  brought  into  the  same 
abnormal  positions  as  would  be  produced  by  ordinary  normal  or 
thrust  movement.  The  many  slight  differential  movements 
equivalent  to  thrust  faults,  so  far  as  my  obervations  have  gone, 
are  more  frequent  than  the  many  slight  differential  movements 
equivalent  to  normal  faults.  In  the  Cranberry  area  a  granite- 
gneiss,  normally  belonging  below  the  Linville  series,  is  brought 
forward  on  the  north  and  south  sides  of  the  area  by  innumer- 
able minute  movements  between  the  laminae,  to  a  position  above 
the  Linville  series.  The  same  sort  of  irregular  distribution  due 
to  minute  differential  movements  is  seen  in  the  formations  of 
the  Linville  series  itself.  In  these  cases  one  cannot  find  a  certain 
plane,  or  even  a  narrow  zone,  and  say  that  here  a  fault  has 
occurred.  However,  it  is  certain  that  in  a  zone  of  considerable 
width  a  differential  movement  has  occurred  as  great  as  could  be 
accomplished  by  a  great  normal  or  great  thrust  fault.  For  this 
particular  form  of  deformation  spread  over  a  considerable  area, 
which  does  not  have  the  clear  cut  character  of  an  ordinary  fault, 

»  I.OC.  cit.,  (A),  pp.  659-660;  (B),  pp.  597-598. 
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and  yet  accomplishes  the  same  mass  deformation,  the  term  distrib- 
uAve  fault  is  proposed.  There  may  be  distributive  normal  or 
tension  faults  and  distributive  thrust  or  compressive  faults. 

Relations  of  joints  to  bedding,  —  Joints  have  been  classified 
into  tension  joints  and  compression  joints.'  Tension  joints  ordi- 
narily form  nearly  normal  to  bedding.  This  results  from  the 
fact  that  the  layers  act  as  transmitters  of  forces,  and  that  at  any 
given  place  one  of  the  principal  directions  of  stress  is  ordinarily 
nearly  normal  to  the  layer,  and  the  other  two  principal  directions 
of  stress  lie  in  the  plane  of  the  layer.  That  this  tendency  to  thus 
decompose  the  forces  exists  cannot  be  doubted.  That  it  would 
be  the  controlling  tendency  in  the  majority  of  cases  could  not  be 
asserted  from  analysis  alone.  However,  examinations  of  vari- 
ous regions  during  the  past  season  has  shown  me  that  this  is 
often  a  controlling  tendency,  and  that  tension  joints  ordinarily 
do  form  nearly  at  right  angles  to  the  bedding.  It  has  already 
been  explained  that  in  regions  of  simple  folding  there  is  one  set 
of  tensile  joints,'  and  that  in  regions  of  complex  folding  there 
are  two  sets  of  tension  joints.  The  reverse  statement  may  be 
made, — that  is,  that  where  there  are  two  sets  of  intersecting  ten- 
sion joints  at  right  angles  to  each  other  normal  to  bedding,  these 
are  evidence  that  the  region  is  one  of  complex  deformation. 

Compressive  joints,  in  contrast  with  tensile  joints,  because 
formed  in  shearing  planes,  are  ordinarily  inclined  to  the  bed- 
ding.3  This  also  results  from  the  fact  that  one  of  the  principal 
directions  of  stress  is  usually  nearly  normal  to  bedding.  Sup- 
posing the  maximum  stress  to  be  in  the  direction  of  the  arrows 
of  Fig.  4,  the  mean  stress  at  right  angles  to  the  plane  of  the 
figure,  and  least  stress  in  the  plane  of  the  figure  and  at  right 
angles  to  the  maximum  stress,  in  other  words  normal  to  the  bed- 
ding, the  position  of  the  joints  will  be  as  shown,  their  planes 
being  normal  to  the  figure  in  which  they  are  represented  in  sec- 
tion.    This  results  from  the  fact  that  the  direction  of  least  stress 

'  Loc.  cit,  (A),  pp.  668-671 ;  (B),  pp.  609-613. 
»  Loc.  cit.,  (A),  p.  669;  (B),  pp.  609-610,. 
M.oc.  cif..  (  A),  p  il\\   (B),  p.  613. 
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is  that  of  relief,  and  after  rupture  the  differential  slipping  between 
joints  will  cause  shortening  in  the  direction  of  maximum  stress 
and  elongation  in  the  direction  of  minimum  stress. 

When  it  is  remembered  that  all  the   forces   at   work  at  any 
place  may  be  decomposed  into  three  principal  directions  of  stress 


¥lii.  4-     Cross-secliun  of  a  bed  showing  joinls. 

at  right  angles  to  one  another,  it  would  seem  to  follow  that  there 
would  ordinarily  be  produced  only  two  sets  of  compressive  joints 
at  the  same  time.  To  suppose  that  more  than  two  sets  are 
simultaneously  produced  would  require  that  the  ultimate  strength 
was  exceeded  at  the  same  moment  in  two  of  the  principal  direc- 
tions of  stress,  and  this  is  probably  not  a  common  case.  One 
would  expect,  if  the  forces  in  two  of  the  principal  directions  of 
stress  are  equal  or  nearly  so,  that  the  ruptures  would  be  con- 
choidal.and  this  maybe  the  explanation  of  some  of  the  cone-in- 
cone  structures.  Supposing  the  compressive  stresses  to  be 
unequal,  the  ruptures  are  produced  by  the  maximum  stress,  and 
any  one  of  three  strains  may  result :  ( i )  shortening  in  one  direc- 
tion, (2)  simple  shearing,  and  (3)  shortening  in  one  direction 
combined  with  shearing.  In  the  first  case,  that  of  shortening  in 
one  direction  and  consequent  elongation  in  a  single  direction, 
there  are  produced  two  sets  of  joints,  but  not  exactly  at  right 
angles  to  each  other.  The  maximum  force  probably  bisects  the 
acute  angles  (Fig.  4).'  Subsequently,  however,  by  differential 
movement  between  the  fractured  parts,  it  is  possible  that  the  joints 
may  be  so  rotated  as  to  change  the  originally  acute  angles  to 
obtuse  angles.  The  two  sets  of  joints  would  only  be  at  right 
angles  in  case  the  rotation  stops  at  a  definite  stage.  In  the  second 
case,  that  of  simple  shearing,  there  is  one  set  of  compressive  joints 

'  Loc.  Cit.,  (A),  pp.  643,  H73  ;  ( B).  p.  465. 
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and  one  set  of  tensile  joints.  The  compressive  joints  lie  near 
the  longer  diagonal  of  the  deformed  rectangle,  and  the  tensile 
joints  are  near  the  shorter  diagonal  (Fig.  5).  Ordinarily  the 
former  are  closer  together  than  the  latter,  in  the  third  case  ( l) 
and  {2)  are  combined ;  whether  there  are  two  sets  of  compression 


Fig.  5.     Crois-seclion  of  a  bed  sho»iii({  joint! 


joints,  or  one  is  a  compression  and  the  other  a  tension  set,  will 
depend  upon  the  relative  amounts  of  shortening  and  shearing. 

After  rupture  occurs  as  the  result  of  tensile  or  compressive 
forces,  producing  one  or  two  sets  of  joints,  if  the  force  in  the 
plane  of  bedding  at  right  angles  to  the  first  direction  of  force 
accumulates  so  as  to  exceed  the  ultimate  strength  of  the  rock,  it 
may  produce  other  sets  of  joints.  In  case  this  force  is  tensile, 
one  set  of  joints  will  be  produced  in  the  normal  planes.  If  it  is 
compressive,  any  of  the  three  cases  of  compressive  joints  above 
given  may  occur.  Thus  there  may  be  produced  three  or  four 
sets  of  intersecting  joints. 

From  the  foregoing,  the  criteria  by  which  tensile  and  com- 
pressive joints  may  be  separated  are  easily  inferred.  Tensile 
joints  are  ordinarily  nearly  normal  to  bedding.  Compressive 
joints  are  ordinarily  much  inclined  to  bedding.  Between  the 
walls  of  tensile  joints  there  is  ordinarily  a  small  space ;  the  walls 
of  compressive  joints  are,  or  were  originally,  pressed  closely 
together.  The  walls  of  tensile  joints  are  not  likely  to  show 
differential  movements  nor  slickensided  surfaces  ;  the  walls  of 
compressive  joints  generally  show  slight  differential  movements 
and  more  or  less  slickensided  surfaces. 

Relations  of  joints  to  folds. —  Many  cases  of  apparent  bending^^of 
the  strata  are  really  not  due  to  bending  but  to  jointing.  It  has  been 
pointed  out  that  the  first  is  a  phenomenon  of  the  zone  of  flow 
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age,  and  the  second  is  a  phenomenon  of  the  zone  of  fracture. 
The  special  point  to  which  I  wish  here  to  call  attention  is  that  as  a 
result  of  the  displacements  of  jointing,  the  strata  may  appear 
in  generalized  curves  of  anticlinal  and  synclinal  character 
(Fig.  6).     In  various  districts  rocks  which    have   not  been    so 


/ 


/ 

/ 


Fig.  6. 

deeply  buried  as  to  be  in  the  zone  of  flowage  appear  to  be  in 
anticlines  and  synclines.  In  these  cases  it  is  believed  that 
the  phenomena  are  explained  as  above  suggested.  This  princi- 
ple is  illustrated  by  the  slightly  undulating  rocks  of  the  upper 
Mississippi  valley.  Cutting  these  everywhere,  and  in  many 
districts  in  two  directions  at  right  angles  to  each  other,  are  sys- 
tems of  joints.  These  joints  are  phenomena  of  fracture,  and  the 
slight  bowing,  which  one  might  represent  as  a  fold,  really  is  not  a 
fold  in  the  sense  of  the  deformation  of  the  strata  by  flowage,  but 
is  bowing  as  a  result  of  very  slight  but  abrupt  changes  in  direc- 
tion at  the  numerous  joints,  the  general  effect  being  to  produce 
a  folded  appearance. 

The  apparent  bowing  due  largely  to  jointing,  so  well  illus- 
trated in  the  Mississippi  valley,  is  still  more  finely  illustrated 
by  the  Allegheny  Mountains.  The  limestones  and  sandstones  of 
this  mountain  system,  ordinarily  regarded  as  deformed  mainly 
by  folding,  are  largely  deformed  by  jointing.  If  the  course  of 
the  strata  be  roughly  platted,  they  will  appear  to  be  in  continu- 
ous undulating  curves.  However,  the  rocks  are  everywhere  cut 
by  two  intersecting  sets  of  joints  at  right  angles  to  each  other, 
and  it  appears  to  be  the  case  that  the  curved  deformation  is 
really  not  mainly  that  of  folding,  but  mainly  that  of  fracture 
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(Fig.  6).  However,  I  would  not  assert  that  to  some  extent  the 
material  had  not  also  flowed  at  various  times  before  the  stresses 
exceeded  the  ultimate  strength  of  the  rocks  and  ruptures 
occurred.  Even  if  the  apparent  gentle  curves  of  the  strata  can 
be  more  accurately  represented  diagrammatically  by  placing  end 
to  end  a  large  number  of  broken  lines  with  slight  changes  of 
direction,  the  curves  indicated  by  the  lines  would  have  the 
forms  of  folds  given  under  Analysis  of  Folds.'  In  the  weaker 
shaly  layers  between  sandstones  and  limestones  the  deformation? 
is  in  many  cases  largely  that  of  shearing,  this  being  due  to  the 
differential  movement  between  the  two  bounding  strong  layers. 
In  the  weaker  layers  the  jointing  is  therefore  in  two  diagonal 
sets. 

In  the  case  of  the  Mississippi  valley  it  is  clear  that  the 
stresses  producing  the  jointing  are  locally  still  at  work.  For 
instance,  at  the  combined  rocks  at  Appleton,'  a  recent  rupture 
occurred  which  was  sufficient  to  make  considerable  displacements 
in  the  artificial  works.  Other  cases  of  a  similar  kind  have  been 
given  by  Reade.3  The  foregoing  cases  show  that  the  apparently 
horizontal  rocks  of  the  Palaeozoic  at  the  present  time,  are  locally 
under  such  stress  that  when  a  slight  amount  of  material  is 
removed,  and  thus  the  beds  not  held  so  firmly  in  their  position, 
the  ultimate  strength  is  exceeded  and  rupture  occurs.  Denuda- 
tion is  ever  lightening  the  load  of  the  strata,  and  from  time  to 
time,  as  a  result  of  this,  the  abrupt  deformations  of  jointing  or 
faulting  may  occur.  Before  the  time  of  rupture,  it  may  be  that 
the  stresses,  while  not  sufficient  to  produce  rupture,  may  still 
surpass  the  elastic  limit  and  result  in  slow  flowage. 

C.  R.  Van  Hise. 

»  Loc.  cit.,  (A),  pp.  603-633;  (B),  pp.  312-353. 

'On  a  recent  Rock  Flexure,  by  Frank  Cramer.     Am.  Jour.  Sci.,  Vol.  XXXIX^ 
1890,  pp.  220-225. 

3 On  the  Cause  of  active  compressive  Stress  in  Rocks  and  recent  Rock  Flexures^ 
by  T.  Mellarde  Reade.    Am.  Jour.  Sci.,  Vol.  XLI,  1891,  pp  409-414. 


Editorial. 


The  proposition  to  hold  the  winter  meetings  of  the  Geologi- 
cal Society  of  America  in  the  city  of  Washington,  as  advocated 
by  Professor  Iddings,  in  the  last  number  of  this  Journal,  is  not 
without  objections. 

The  members  of  the  society  may  be  classified  in  two  groups ; 
those  engaged  chiefly  in  investigation,  and  those  who  devote  a 
part  of  their  time  to  teaching.  The  interests  of  these  groups 
differ  and  in  arranging  for  the  winter  meetings  of  the  society 
should  have  equal  consideration.  The  members  who  reside  in 
Washington  are  for  the  most  part  engaged  in  investigation, 
while  the  majority  of  the  non-Washington  members  are  occupied 
principally  in  teaching.  It  has  been  said  by  one  eminent  in  our 
science,  that  the  three  requisites  in  geological  training  are  travel, 
travel,  travel.  Under  the  proposed  arrangement,  members  resid- 
ing in  Washington  would  be  deprived  in  a  measure  of  the 
opportunities  which  might  otherwise  be  secured  by  them  of 
seeing  the  laboratories,  collections,  etc.,  at  various  other  centers 
from  which  geological  information  is  disseminated.  It  is  evident 
that  it  would  be  unfair  to  thus  deprive  our  Washington  friends 
of  a  means  of  education  which  might  be  of  profit  to  them.  Mem- 
bers of  the  society  who  are  engaged  principally  in  teaching, 
probably  have  as  earnest  desires  to  see  the  lecture  rooms,  labor- 
atories, and  collections  of  their  colleagues  and  to  learn  their 
methods  of  teaching,  as  they  have  to  study  the  methods  of 
investigation  carried  on  in  Washington. 

To  enable  both  classes  of  members  to  profit  by  the  opportuni- 
ties afforded  by  our  winter  meetings  and  at  the  same  time  insure 
the  desired  attendance,  it  seems  highly  desirable  that  for  some 

years  to  come,  the  meetings  referred  to  should  be  held  at  the 
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various  educational  centers  on  the  Atlantic  coast  between  the 
Merrimac  and  the  Potomac. 

Without  wishing  to  detract  in  the  least  from  the  debt  of 
gratitude  due  the  local  committee  which  arranged  for  our  con- 
venience and  comfort  during  the  last  Washington  meeting,  I 
wish  to  suggest  that  the  lecture  room  of  the  National  Museum 
is,  in  many  ways,  objectionable  as  a  place  in  which  to  hold  the 
sessions  of  the  Geological  Society.  If  the  society  elects  to  hold 
all  winter  meetings  in  Washington,  a  more  suitable  assembly 
room,  and  also  rooms  for  the  display  of  maps,  collections,  etc., 
as  well  as  a  conversation  room,  should  be  provided. 

In  reference  to  the  expenses  of  the  meetings  being  shared  by 
the  visiting  members,  as  proposed  by  Professor  Iddings  in  case 
the  winter  meetings  are  held  regularly  in  Washington ,  it  may 
be  suggested  that  if  each  of  the  Washington  members  should 
subscribe  an  amount  equal  to  the  average  traveling  expenses  of 
the  visiting  members,  the  expenses  of  the  meeting  could  not 
only  be  met  but  a  surplus  would  remain  which  might  be  devoted 
to  publication  or  other  useful  purposes.  I.  C.  R. 

It  is  gratifying  to  be  able  to  call  attention  to  the  carefully 
made  collections  of  rock  specimens,  which  Mr.  Oscar  Rohn, 
of  Madison,  Wis.,  has  prepared  to  illustrate  the  petrographical 
descriptions  found  in  the  writings  of  Pumpelly,  Marvine,  Irving, 
Van  Hise,  and  Bayley,  upon  the  famous  mineral-bearing  dis- 
tricts in*  the  Lake  Superior  region.  As  is  well  known,  collections 
of  rocks  representing  the  most  important  petrographical  types  at 
European  localities  may  be  obtained  for  purposes  of  study  and 
instruction.  But  no  systematic  attempt  has  been  made  to  fur- 
nish collections  of  typical  rocks  from  American  localities,  with 
the  exception  of  the  proposed  Educational  Series  which  the 
United  States  Geological  Survey  has  undertaken  to  gather 
together.  A  reason  for  this  is  in  some  cases  evident,  namely, 
the  remoteness  of  the  districts  and  the  expense  of  collecting  the 
specimens.  The  collection  of  Lake  Superior  rocks  offered  for 
sale  by  Mr.  Rohn  is  a  step  in  the  direction   of  such  systematic 
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collecting,  and  places  within  reach  of  students  and  teachers  of 
petrology  material  of  the  highest  value,  making  it  possible  to 
follow  intelligently  the  descriptions  by  the  investigators  already 
named,  of  the  rocks  in  the  Keweenaw,  Penokee,  and  Marquette 
districts.  The  collector  had  the  advice  and  counsel  of  Professor 
Van  Hise,  who  vouches  for  the  care  with  which  the  work  has 
been  carried  on.  Not  the  least  valuable  part  of  the  undertaking 
is  the  furnishing  of  a  catalogue  in  which  specific  references  to 
the  monographs  of  the  region  are  given  in  connection  with  each 
specimen.  The  hand  specimens  are  accompanied  by  chips  from 
which  thin  sections  may  be  prepared.  The  enterprise  is  to  be 
heartily  commended,  and  it  is  hoped  that  a  sufficient  number  of 
petrologists  will  avail  themselves  of  the  opportunity  of  securing 
the  collections  to  compensate  Mr.  Rohn  for  the  time  and  money 
expended  upon  them.  ^  ^  J*   I^-   I- 

Emm.  de  Margerie  and  his  colaborers  of  the  bigliograph- 
ical  committee  of  the  international  congresses  of  Washington 
and  Zurich  merit  the  warmest  commendation  of  all  working 
geologists  for  their  disinterested  labors  in  preparing  and  issu- 
ing a  voluminous  report  under  the  title  Catalogue  des  Bibliog- 
raphies G^ologiques,  This  is  a  book  of  733  pages,  and  represents 
a  very  protracted  and  laborious  search  for  bibliographical  lists 
through  a  scattered  and  voluminous  literature  whose  very 
unequal  nature  must  have  taxed  the  patience,  skill  and  discre- 
tion of  the  committee  to  the  utmost.  The  catalogue  contains 
nearly  4000  references  to  bibliographies  and  works  containing 
bibliographic  references  of  some  note,  and  thus  it  constitutes  an 
invaluable  key  to  geological  literature.  Provision  has  been  made 
whereby  those  who  were  not  members  of  the  international  con- 
gresses under  whose  auspices  the  work  was  prepared  and  pub- 
lished may  secure  it,  together  with  the  Compte  Re?idu  of  the 
Washington  congress.  The  two  volumes  will  be  sent  to  individ- 
uals or  libraries  who  will  transmit  $5  to  the  American  member 
of  the  committee,  G.  K.  Gilbert,  of  the  United  States  Geological 
Survey,  Washington,  D.  C.  We  would  particularly  urge  upon 
libraries  the  purchase  of  this  catalogue.  T.  C.  C. 
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Geology  and  Mining  Industry  of  the  Cripple  Creek  District,  Colorado, 
By  Whitman  Cross  and  R.  A.  F.  Penrose,  Jr.  Extract 
from  the  Sixteenth  Annual  Report  of  the  Survey,  1894-5. 
Part  II :     Papers  of  an  Economic  Character. 

This  report  of  Messrs.  Cross  and  Penrose  is  to  be  classed  as  one  of 
the  most  valuable  of  the  publications  on  economic  subjects  issued  by 
the  Geological  Survey.  Though  less  elaborate  and  accompanied  by 
fewer  maps  and  illustrations  than  the  bulkier  monographs  of  past 
years,  these  considerations  are  largely  offset  by  the  timeliness  of 
appearance  and  the  handiness  of  the  separate  form  in  which  the  report 
was  first  issued.  For  no  matter  how  great  the  intrinsic  merit  of  the 
publication  or  the  labor  devoted  to  its  preparation,  its  value  lies  to  a 
great  extent  in  its  appearing  at  the  right  time  and  in  a  form  suitable 
for  ready  use,  and  this  particularly  with  a  work  relating  to  mining  in 
a  new  camp.  The  report  is  the  outcome  of  the  joint  field  labors  of 
the  authors,  prosecuted  during  three  months  in  the  autumn  of  1894. 
It  was  written,  printed,  and  issued  in  1895,  and  the  edition  of  the  sep- 
arates, as  well  as  of  the  related  Pikes  Peak  folio,  was  exhausted  before 
the  end  of  1896. 

The  combined  report  covers  about  200  pages  of  the  large  octavo 
size  of  the  annual  reports.  It  is  illustrated  by  thirty-seven  figures, 
seven  plates,  and  one  supplementary  geological  and  topographic  map 
which  is  inserted  at  the  end  of  the  report.  The  report  is  divided  into 
two  parts.  The  first,  of  109  pages,  by  Mr.  Cross,  treats  of  the  general 
geology  and  is  in  great  part  devoted  to  the  important  subject  of  the 
petrography  of  the  district;  Part  second,  by  Mr.  Penrose,  deals  with 
the  mining  geology  of  the  district.  The  latter  is  exclusively  the  sub- 
ject of  this  review,  Mr.  Cross'  valuable  report  requiring  the  attain- 
ments of  a  specialist  for  adequate  treatment. 

Chapter  I.  of  Mr.  Penrose's  report  consists  of  a  brief  outline  of 
the  history  of  mining  in  the  camp.     Operations  were  practically  begun 
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there  in  1891.  It  is  a  very  remarkable  fact,  this  recent  development  in 
a  well-known  and  traveled  part  of  Colorado,  within  a  stone's  throw  of 
what  has  been  a  much  frequented  summer  resort  for  years.  It  is  a  fact 
of  hopeful  suggestion  in  relation  to  future  discoveries  of  ore  deposits 
in  this  country  ;  but  it  is  a  fact  also  liable  to  much  abuse  by  promoters 
as  a  warrant  for  the  conclusion  that  gold  ores  may  be  found  anywhere. 
It  is  likewise  remarkable  that  the  productive  area  is  included  within  a 
district  of  only  six  miles  square,  the  area  of  one  township,  and,  further, 
as  the  map  shows,  a  considerable  part  of  this  is  unproductive  ground. 
The  surprising  growth  of  the  camp  is  illustrated  by  the  fact  that  from 
an  output  of  only  a  few  thousand  tons  in  1891,  the  production  increased 
in  the  years  1892,  1893,  and  1894  to  a  total  variously  estimated  at  from 
$5,500,000  to  $7,000,000.  Since  that  time  the  growth  has  continued, 
and  a  conservative  estimate  for  the  year  1896,  kindly  furnished  by  Mr. 
T.  A.  Rickard,  the  geologist  for  the  state,  places  the  value  of  the  pro- 
duction at  $9,000,000,  and  others  who  are  well  posted  estimate  it 
between  $8,000,000  and  $9,000,000.  During  1895  ^he  value  of  the 
output  was  in  the  vicinity  of  $6,500,000.  The  total  for  the  five  years 
is  thus  about  $22,000,000,  or  a  little  less  than  one-half  of  the  present 
annual  output  of  gold  for  the  whole  country. 

It  is  to  be  regretted  that  more  space  could  not  have  been  given  in 
the  report  to  the  statistics  of  the  camp.  The  expense  of  an  assistant 
for  this  special  work  would  have  been  well  repaid.  The  difficulty  of 
obtaining  complete  and  exact  figures  is  undoubtedly  great,  if  not  insur- 
mountable ;  but  more  could  have  been  gathered  than  is  contained  in 
the  two  paragraphs  of  the  report,  which  would  have  given  some  idea  of 
the  distribution  of  the  shipments  both  as  to  time  and  localities.  The 
difficulty  is  one  which  is  met  with  to  a  greater  or  less  extent  in  all  mining 
camps  of  the  West,  and  is  partly  due  to  a  very  natural  desire  of  mine 
operators  not  to  make  their  private  business  public  property,  especially 
where  no  unanimity  of  action  can  be  secured.  Yet  such  facts  are 
highly  valued  by  mining  men  and  the  public  and  are  valuable  guides 
to  investors.  The  gathering  of  complete  statistics  would  do  much 
towards  placing  mining  on  a  sound  basis.  Public  effort  could  well  be 
exerted  in  this  direction  and  provision  made  for  the  collection  of  such 
statistics  by  judicious  legislation. 

Chapter  III  is  devoted  to  the  ores  of  the  camp,  or  more  precisely 
to  the  minerals  of  the  ore  deposits.  As  Dr.  Penrose  says  in  his  sum- 
mary, the  ores  consist  of  the  country  rock,  more  or  less  completely 
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replaced  by  quartz,  with  fluorite,  opaline  silica,  and  kaolin,  and  con- 
taining iron  pyrites,  and  other  sulphides,  as  well  as  various  other  min- 
erals in  limited  quantities. 

Gold  is  the  only  metal  which  occurs  in  amounts  of  commercial 
value.  It  is  found  normally  as  a  telluride,  or  in  a  free  state  as  a  result 
of  the  oxidation  of  the  former.  It  is  possible  that  some  of  the  gold  is 
present  as  auriferous  iron  pyrites,  but  this  must  be  quite  rare  as  most 
of  the  pyrites  is  valueless,  and,  as  a  rule  in  the  camp,  rock  impregnated 
with  this  mineral  is  considered  of  little  significance. 

The  free  gold  appears  to  be  confined  to  zones  of  oxidation  and 
these  frequently  extend  to  depths  of  several  hundred  feet.  It  is  gener- 
ally in  a  very  fine  condition,  but  sometimes  pieces  up  to  a  quarter  of  an 
inch  in  size  are  found.  It  is  usually  rusty,  but  is  otherwise  remarkably 
pure,  with  hardly  any  appreciable  silver,  even  less  than  is  found  in  the 
telluride  ores.  The  telluride  of  gold  appears  to  be  principally  the 
mineral  calaverite,  according  to  examinations  made  by  Mr.  W.  F.  Hil- 
lebrand  and  Dr.  S.  L.  Penfield ;  but  there  is  probably  also  some  syl- 
van ite  and  other  compounds. 

Silver  occurs  only  in  very  small  quantities  in  most  of  the  ores, 
though  at  the  Blue  Bird  and  a  few  other  mines  it  has  been  found  in 
considerable  amounts,  though  not  enough  to  make  any  showing  in  the 
production  of  the  camp. 

As  an  accessory  mineral,  galena  has  been  found  at  a  number  of 
places,  but  in  small  quantities.  Some  spahlerite  occurs  at  a  few 
mines.  Copper  minerals  are  extremely  rare,  as  are  antimony  com- 
[>ounds  also.  Fluorite  is  common  in  many  ores  and  is  frequently 
prominent  by  reason  of  the  coloration  it  gives  to  the  rocks.  It  is 
sometimes  intimately  associated  with  quartz.  Quartz  is  the  most  com- 
mon secondary  mineral.  It  is  sometimes  found  in  bodies  and  occurs  also 
as  well  defined  quartz  veins,  but  more  frequently  it  is  homogeneously 
disseminated  throughout  the  ore  or  country  rock,  simply  making  them 
harder.  Such  silicified  rock  is  often  confused  with  dikes  by  the 
miners. 

Kaolin  is  common  along  fissures,  resulting  from  decay  of  the  feld- 
spar of  the  eruptives ;  it  is  either  white  or  stained  a  brown  or  black 
color.  Calcite  is  not  abundant  and  occurs  lining  the  face  of  rocks  or 
filling  small  cavities.  Gypsum,  though  not  of  frequent  occurrence,  is 
found  in  bodies  of  some  size  in  one  mine.  Barite  and  other  minerals 
also  occur  in  small  quantities. 
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Superficial  alteration  of  the  rocks  is  apparent  to  depths  of  joo  and 
400  feet  with  the  usual  effects  of  hydration,  oxidation,  and  leaching. 

The  value  of  the  ores  shipped  varies  from  $20  to  $400  per 
ton ;  an  average  is  perhaps  between  $50  and  $85.  During  the 
first  year's  operation,  the  camp  was  essentially  a  shipper  of  high-grade 
ores.  Recently,  however,  there  has  been  a  change  with  the  establish- 
ment of  a  number  of  cyanide  and  chlorinating  plants,  which  has 
reduced  treatment  charges  to  $7.50  per  ton.  It  is  to  be  feared,  how- 
ever, that  an  understanding  between  the  managers  of  these  plants  will 
prevent  a  further  reduction  in  these  charges,  if  it  does  not  cause  an 
increase  over  the  above  rate.  It  is  of  great  importance  to  the  future 
of  the  camp  that  low  freight  and  treatment  charges  be  reached  and 
maintained  as  otherwise  great  quantities  of  low-grade  ores  will  have  to 
be  thrown  aside.  Any  such  movement,  therefore,  to  maintain  high 
charges  is  to  be  opposed  and  may  seriously  damage  the  camp. 

Chapter  III  deals  with  the  mode  of  occurrence  of  the  ores.  This 
'Subject  is  one  of  special  value  and  interest  here.  It  is  well  summarized 
dn  the  statement  of  the  first  paragraph,  which  is  to  the  effect  that  the 
ores  generally  occur  in  fissures  in  the  country  rock,  which  usually 
represent  slight  faulting  and  that  the  veins  have  been  formed  mostly 
by  replacement  along  these  fissures  and  not  by  the  filling  of  open  gaps. 
Indeed,  there  is  often  no  cavity  recognizable  and  little,  if  any  evidence 
of  one  ever  having  existed,  the  solutions  apparently  having  filled  the 
iimperceptible  space  between  the  flat  joint  or  fault  planes  of  the  rock, 
ithe  gold  minerals  having  been  deposited  on  the  surface  and  the  rock 
itself  having  been  merely  silicified.  Thus,  in  these  deposits,  the 
scrapings  from  such  surfaces  often  run  very  high  in  gold,  while  the 
rock  itself  is  valueless.  This  is  a  very  peculiar  form  of  deposit  and  is 
almost  exclusively  confined  to  this  district. 

The  deposits  occur  in  a  region  of  Tertiary  volcanic  breccias  or 
tuffs.  The  breccias  are  cut  by  numerous  bodies  of  intrusive  eruptive 
rocks,  such  as  phonolite  and  andesite,  and  they  also  surround  eruptive 
masses  which  are  older  than  the  breccia.  The  latter  are  themselves 
surrounded  by  what  Cross  terms  the  granite-gneiss  complex  of  the 
Colorado  range.  The  dikes  intersect  all  of  these  rocks,  passing  from 
granite  into  brecria,  and  they  also  intersect  each  other.  They  are 
evidence  of  several  epochs  of  fissuring.  The  veins  also  intersect  all 
these  rocks  in  their  courses.  The  vein  fissures  seem  to  be  later  than 
the  dikes,  though  some  were  apparently  formed   at   the  same  time. 
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The  courses  of  both  vary  from  northeast  to  northwest,  but  there  are 
exceptions  to  this  rule. 

The  fissures  are  not  open  gaps,  as  already  stated,  but  are  closed 
lines  of  fracture  along  which  replacement  has  occurred.  In  Dr.  Pen- 
rose's words  :  **  Sometimes  there  are  two  or  more  main  parallel  cracks  or 
fissures  and  numerous  minor  ones,  while  very  commonly  the  zone  of 
fracturing  seems  to  be  represented  by  no  especially  well-defined  break, 
but  by  numerous  parallel  or  approximately  parallel  cracks,  each  of 
about  the  same  magnitude  and  from  a  fraction  of  an  inch  to  several 
feet  apart."  .  ..."  In  fact  the  district  may  be  regarded  as  an  area 
intersected  by  numerous  zones  of  fissuring  which  are  separated  by  an 
area  of  less  marked  but  very  noticeable  fissuring."  The  ore  is  found 
lining  both  sides  of  the  fissures. 

Faulting  is  evidenced  by  grooves  and  slickensided  rock  surface. 
The  movements  were  small  in  amount,  the  greatest  observed  being 
between  twenty  and  twenty- five  feet. 

The  minerals  of  the  ore  bodies  are  generally  promiscuously 
arranged,  the  ore  usually  being  simply  the  country  rock  containing 
greater  or  less  amounts  of  secondary  minerals.  Ore  is  found  along 
some  of  the  fissures  or  cracks,  while  others,  almost  identical  in  appear- 
ance, are  barren.  These  fissures  are  often  taken  by  miners  for  vein 
walls  beyond  which  no  ore  will  be  found.  They  hence  neglect  to 
cross  cut.  Dr.  Penrose  gives  a  valuable  suggestion  in  advising  miners 
not  to  be  misled  by  these  apparent  walls,  as  valuable  deposits  will 
often  be  found  within  a  short  distance  beyond  them.  As  an  illustration, 
in  a  mine  operated  by  the  writer  about  a  dozen  such  fissures,  variously 
mineralized,  were  encountered  in  a  cross  cut  of  about  loo  feet. 

A  noticeable  feature  of  this  camp  is  that  the  veins  follow  the  dikes, 
either  in  contact,  or  more  commonly  in  proximity  to  them.  Some- 
times they  cross  the  dikes  and  follow  them  on  different  sides.  The 
association  of  dikes  and  veins  is  a  fact  well  known  by  mining  men  and 
the  presence  of  a  dike,  especially  of  phonolite,  causes  a  claim  to  be 
held  in  much  higher  estimation. 

In  their  mode  of  occurrence  the  dikes  and  fissures  give  evidence 
of  a  limited  erosion  of  the  district.  Thus  their  upper  parts  often 
differ  markedly  from  their  deeper  parts.  "The  dip  near  the  surface 
is  frequently  at  a  different  angle  from  that  at  a  depth,  and  veins  which 
occur  in  one  well-defined  fissure  at  a  depth  sometimes  fork  near  the 
surface  and  appear  in  separate  outcrops.     Both  these  phenomena  can 
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be  attributed  to  the  fact  that  at  a  depth  the  fissures  occupied  by  the 
dikes  or  veins  were  confined  to  the  original  line  of  breakage  on  account 
of  the  superincumbent  pressure,  while  nearer  the  surface  this  pressure 
was  relieved  and  numerous  transverse  breaks  of  more  or  less  superficial 
character  were  encountered  and  the  fissures  were  more  easily  deflected 
and  divided." 

It  is  of  special  importance  with  these  deposits  to  distinguish 
between  shrinkage  cracks  and  fissures,  both  along  dikes  and  elsewhere. 
The  reason  for  this  is  that  fissures  are  more  persistent  and  likely  to 
extend  to  greater  depths  than  are  shrinkage  cracks. 

The  ore  of  the  veins,  as  elsewhere,  occurs  in  chutes.  That  is,  cer- 
tain parts  of  the  fissures  are  barren  while  others  contain  ore  of  value. 
These  chutes  are  of  greater  vertical  than  horizontal  dimensions.  They 
differ  from  the  chutes  generally  recognized  in  other  raining  regions 
in  being  isolated  bodies  of  ore  along  the  fissure  planes,  rather  than 
rich  portions  of  otherwise  clearly  defined  veins.  They  vary  in  breadth 
from  one  to  several  hundred  feet,  and  from  a  few  inches  to  several 
feet  in  width.  Their  distribution  is  not  influenced  by  a  difference  in 
country  rock,  as  that  is  uniform.  They  are  probably  due  more  to  the 
location  of  cross  fractures  and  fissures,  and  to  localization  of  the  ore- 
bearing  solution.  They  are  also  affected  by  the  distribution  of  the 
dikes. 

Chapter  IV  treats  of  the  source  and  mode  of  deposition  of  the  ores. 

The  ore.  Dr.  Penrose  concludes,  was  probably  derived  from  both 
deep  and  shallow  sources,  from  the  whole  area  tributary  to  the  fissures. 
An  investigation  of  the  actual  gold  contained  in  the  country  rocks 
was  not  made,  but  the  metal  doubtless  exists  in  both  the  old  and  new 
formations,  though  he  is  of  the  opinion  that  the  later  eruptives  were 
probably  the  most  prominent  source,  as  in  them  the  conditions  for 
concentration  were  best  realized,  as  they  were  in  the  neighborhood  of 
volcanic  vents  where  the  rocks  were  penetrated  by  hot  waters  impreg- 
nated with  the  mineral  solutions.  The  solution  and  deposition  of 
gold  along  with  quartz  from  alkaline  solution  is  readily  understood, 
but  the  formation  of  the  telluride  of  gold  requires  further  investiga- 
tion before  it  can  be  explained. 

As  regards  the  associated  minerals,  the  fluorite  was  probably 
evolved  from  the  phonolite  magmas,  in  a  volatile  or  soluble  form,  and 
acted  on  solutions  carrying  lime ;  if  it  was  in  the  form  of  hydrofluorsilic 
acid,  the  association  of  the  quartz  with  the  fluorite  is  readily  explained. 
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The  fluorite  has  possibly  also  some  connection  with  the  presence  of 
the  telluride,  as  fluorite  is  common  elsewhere  where  telluride  ores  occur. 

The  ore  constituents  were  probably  introduced  in  a  liquid  form, 
probably  hot  and  probably  hastened  by  steam  and  other  vapors.  The 
process  of  deposition  was  largely  one  of  replacement ;  this  may  have 
been  by  chemical  action  or  by  deposition  in  minute  cavities  after  the 
removal  of  constituents  of  the  country  rock.  The  latter  Dr.  Penrose 
thinks  more  probable.  The  deposition  was  caused  principally  by 
chemical  reaction  with  other  solutions  rather  than  by  reaction  with  the 
country  rock. 

It  is  to  be  regretted  that  a  direct  investigation  of  the  problems  of 
the  source  of  the  ores  and  their  mode  of  deposition  could  not  have 
been  made.  The  study  given  to  the  subject  is  confessed  to  have  been 
inadequate  for  final  results.  Though  the  conclusions  reached  by  the 
author  seem  quite  probable,  they  can  be  classed  only  as  probabilities 
pending  complete  inquiry. 

As  a  final  criticism  of  this  in  so  many  respects  valuable  and  excel- 
lent report,  the  cuts  or  the  figures  illustrating  it  might  have  been 
improved  upon.  They  are  somewhat  too  diagrammatic  and  most  of 
them  seem  to  be  more  of  illustrations  of  the  writer's  ideas  than  actual 
sketches  "from  life"  in  the  mine.  This  does  not  apply  to  all  of  the 
figures,  nor  to  the  small  mine  maps  or  plates  which  are  inserted. 
These  are  excellent  and  appear  to  have  been  carefully  compiled  from 
the  mine  surveys.  Arthur  Winslow. 

Telluride,  Col., 
January  5,  1897. 

Glacier  Bay  and  its  Glaciers.  By  Harry  Fielding  Reid.  United 
States  Geological  Survey,  i6th  Annual  Report,  1894-5,  pp. 
415-461.     Plates    LXXXVl-XCVI. 

The  studies  of  Muir  glacier  conducted  by  Professor  Reid  in  the 
summer  of  1890,  and  the  results  published  in  the  National  Geographic 
Magazine^  Vol.  IV,  were  continued  and  extended  in  the  summer  of 
1892  and  the  results  recorded  in  the  report  named  above.  During  the 
earlier  expedition,  attention  was  restricted  to  Muir  glacier  and  its 
tributaries,  of  which  an  excellent  map  was  published ;  the  later  expe- 
dition had  for  its  main  object  the  exploration  of  the  western  extension 
of  Glacier  Bay  with  its  numerous  inlets  and  many  glaciers. 
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The  topographic  work  of  the  two  expeditions  referred  to  is  com- 
bined on  the  map  accompanying  the  report  under  review.  This  map 
showing  ice,  land,  water,  and  moraines,  is  published  on  a  scale  of  six 
miles  to  one  inch,  and  embraces  the  entire  extent  of  Glacier  Bay,  and 
its  inlets.  The  extremities  of  all  of  the  tidewater  glaciers  which  dis- 
charge into  the  waters  of  the  bay  and  the  greater  portion  of  Muir 
glacier  with  its  many  feeding  ice  streams,  are  also  included.  The 
numerous  fine  illustrations,  reproductions  of  photographs,  give  a  more 
graphic  idea,  especially  of  the  characteristic  features  of  the  ends  of  the 
tide-water  glaciers,  than  can  be  conveyed  by  written  descriptions. 

The  general  features  of  the  shores  and  islands  of  Glacier  Bay  are 
described,  special  attention  being  given  to  the  glaciers  and  inlets. 
Glacier  Bay  to  the  west  of  Muir  glacier,  has  seldom  been  visited  and 
was  never  surveyed  previous  to  Professor  Reid's  careful  examination. 
In  this  new  field  many  important  discoveries  were  made,  and  a  number 
of  geographical  features  named.  Several  glaciers  were  appropriately 
named  in  honor  of  distinguished  European  geologists. 

There  are  eight  glaciers  to  the  westward  of  Muir  glacier  which  dis- 
charge bergs  into  the  waters  of  Glacier  Bay.  The  extremity  of  each 
of  these  was  examined  and  carfully  mapped.  The  most  extensive  ice 
front  of  any  of  the  nine  tide-water  glaciers,  is  that  of  the  Grand  Pacific 
at  the  extreme  western  extension  of  the  bay.  This  glacier  at  present 
is  divided  by  a  high  rockmass,  in  part  island  and  in  part  nunatak,  but 
presents  an  actual  ice  front  12,500  feet  in  length.  A  small  recession 
will  separate  the  ice  from  the  land  that  divides  it  and  increase  the 
length  of  its  magnificent  ice  cliffs  to  fully  three  miles.  The  combined 
extent  of  the  ice  frontage  of  the  several  tide-water  glaciers  of  Glacier 
Bay,  is  between  twelve  and  thirteen  miles. 

The  hard  geology  about  the  shores  of  Glacier  Bay  and  to  a  limited 
extent,  of  the  mountains  from  which  Muir  glacier  receives  tributary 
glaciers,  receives  attention.  Large  areas  of  diorite,  quartz -diorite, 
argillite,  limestone,  sand  and  gravel,  are  shown  on  a  sketch  map.  A 
few  fossils  obtained  from  loose  debris  indicate  that  the  limestones  are 
of  Carboniferous  age. 

The  stratified  gravel  and  sand  containing  stumps  and  trees,  beneath 
the  extremity  of  Muir  glacier,  and  on  the  adjacent  shores,  to  which  con- 
siderable attention  had  previously  been  given  by  Professor  Reid  and 
others,  were  again  studied  and  fresh  observations  made  which  sustain 
the  conclusion  that  gravels,  etc.,  were  laid  down  by  streams  from  the 


REVIEWS  205 

glaciers  during  a  period  of  recession  and  overridden  when  the  ice 
readvanced.  Some  important  modifications  of  this  general  history  are 
suggested. 

Among  the  many  interesting  results  reported,  are  observations  on 
variations  in  the  extension  of  Muir  glacier  between  1880  and  1892. 
Records  of  the  position  of  the  extremity  of  the  glacier  in  1880, 
1886,  and  1890,  showed  an  apparently  continuous  recession  of  about 
250  yards  a  year,  but  in  1892  the  ice  front  had  advanced  on  an  average 
of  approximately  300  yards  beyond  its  position  in  1890.  The  most 
marked  advance  was  in  the  central  portion  where  the  ice  current  is 
known  to  be  most  rapid.  In  a  footnote  it  is  stated  that  photographs 
taken  in  1894,  show  a  recession  to  the  position  occupied  in  1890. 

The  rate  of  flow  of  the  ice  near  the  end  of  Muir  glacier,  as  meas- 
ured by  G.  Frederick  Wright  in  1886,  and  by  Reid  in  1890,  showed 
great  discrepancies  which  could  not  be  reconciled.  This  question 
which  has  led  to  some  discussion  during  the  past  five  years,  is  briefly 
considered  and  the  accuracy  of  the  measurements  made  in  1890  main- 
tained. It  will  be  remembered  that  the  maximum  rate  of  flow  in  the 
central  portion  of  the  glacier  near  its  terminus,  was  stated  in  the  report 
of  the  expedition  of  1890  to  be  about  seven  feet  per  day. 

A  map  of  the  end  of  Girdle  i^lacier  on  a  scale  of  500  feet  to  an 
inch,  shows  the  manner  in  which  it  thrusts  its  extremity  into  the  side 
of  Muir  glacier,  to  which  it  is  tributary,  so  as  to  cause  the  lateral 
moraines  on  the  main  glacier  to  curve  about  it  in  rude  semicircles. 
Stakes  were  placed  along  the  margin  of  the  expanded  terminus  of 
Girdle  glacier  and  their  direction  and  rate  of  movement  measured 
twentv-four  davs  later.  The  rate  of  motion  varied  from  1.8  to  2.6 
inches  per  day ;  the  direction  of  movement  revealed  a  spreading  of 
the  ice  of  Girdle  glacier,  and  a  slow  movement  in  common  with  the 
general  flow  of  Muir  glacier.  Other  instructive  facts  concerning  the 
unique  phenomena  revealed  by  Girdle  glacier  are  recorded.  The 
stakes  placed  in  the  ice  melted  out,  but  their  positions  were  preserved 
by  placing  three  small  iron  plates  about  each  one.  The  plates,  as  is 
the  rule  with  small  dark  objects  lying  on  the  ice,  sank  into  it  as  melt- 
ing progressed,  and  thus  maintained  their  position. 

Peculiar  holes  in  the  surface  of  Muir  glacier,  from  a  few  inches  to 
six  or  eight  feet  deep,  with  a  diameter  of  six  to  eighteen  inches,  were 
found  to  be  due  to  the  lowering  of  the  surface  by  melting,  so  as  to 
expose  cavities  that  previously  existed  in  the  ice.     The  holes  within 
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the  ice  contain  water,  and  are  thought  to  be  due  to  the  closing  of 
water-filled  crevasses.  The  presence  of  water-filled  cavities  within  the 
ice  of  glaciers  shows  that  the  winter's  cold  does  not  penetrate  far  below 
the  surface. 

An  ingenious  arrangement  consisting  of  two  sticks  placed  in  diverg- 
ing auger  holes  and  inclined  toward  each  other  and  securely  bound 
together  with  wire  at  the  surface  of  the  ice,  gave  accurate  measures  of 
the  rate  of  surface  melting.  In  general,  the  waste  on  the  surface  of 
Muir  glacier  was  two  inches  per  day.  Soundings  in  Muir  inlet,  which 
also  furnished  water  samples  from  various  depths,  measurements  of 
temperatures  for  the  surface  to  the  bottom,  and  samples  of  the  bottom, 
gave  a  series  of  instructive  records,  which  are  briefly  discussed.  Tidal 
observations  made  in  Tidal  inlet,  a  small  fiordlike  bay,  five  miles 
west  of  the  head  of  Muir  inlet,  furnished  data  for  establishing  a  per- 
manent bench  mark  on  the  shore  by  means  of  which  changes  of  level 
of  the  land  can  be  measured.  It  is  hoped  that  future  travelers  will 
repeat  these  measurements  and  also  profit  by  the  instructions  which 
are  given  for  photographing  the  extremities  of  the  tide-water  glaciers, 
so  that  a  record  of  their  variations  may  be  obtained. 

The  report  before  us  contains  the  records  of  the  only  systematic 
survey  that  has  been  made  of  any  of  the  Alaskan  glaciers,  and  is  of 
special  value  on  account  of  the  painstaking  accuracy  that  characterizes 
the  work.  A  splendid  beginning  has  been  made  in  the  study  of  the 
great  system  of  ice  drainage  that  pours  into  Glacier  Bay.  It  is  to  be 
hoped  that  other  students  of  glacial  phenomena,  having  before  them 
this  example  of  what  can  be  accomplished  during  a  summer  vacation, 
will  continue  the  work  and  explore  the  unknown  regions  surrounding 
the  area  represented  in  Professor  Reid*s  map  on  every  side. 

Israel  C.  Russell. 

Water  Resources  of  Illinois.  By  Frank  Leverett  ;  Seventeenth 
Annual  Report  U.  S.  Geological  Survey,  pp.  695-849,  Wash- 
ington, 1896. 

This  paper  contains  much  of  distinct  geological  interest,  as  may 
well  go  without  saying,  both  on  account  of  the  intimate  connection  of 
hydrology  with  geology,  and,  in  especial,  because  of  the  author's 
thorough  study  of  the  Pleistocene  formations  of  the  state.  The  effect 
of  the  drift  upon  topography  and  drainage  is  set  forth  with  consider- 
able  detail.     On    the    newer   drift,  within    the    Shelbyville    moraine. 
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preglacial  features  are  for  the  most  part  concealed.  The  drainage 
systems  are  comparatively  young,  although  the  streams  have  the  advan  - 
tage  of  working  on  a  surface  of  higher  altitude  and  greater  diversity  of 
relief  than  that  of  the  older  drift  of  central  and  southern  Illinois 
Streams  follow  the  axes  of  drift  basins  included  between  successive 
morainic  ridges,  their  longer  tributaries  being  carried  on  the  longer 
slopes  of  these  basins  which  lie  toward  the  west  and  south.  A  pre- 
glacial divide  is  traced  from  below  Elgin  and  Lemont  to  the  Indiana 
state  line,  and  it  is  highly  probable  that  the  headwaters  of  the  Fox, 
Des  Plain es  and  Kankakee  rivers  were  in  preglacial  times  tributary  to 
the  Lake  Michigan  basin.  In  northwestern  Illinois  instances  are  noted 
of  displacement  of  the  rivers  and  their  beheading  by  drift  deposits. 
The  data  supplied  by  artesian  well  records  suggests  several  important 
conclusions  as  to  the  deeper  strata.  The  altitudes  of  the  St.  Peter 
sandstone  and  the  base  of  the  Coal  Measures  are  worked  out  in  detail 
over  much  of  the  state.  Three  thousand  feet  is  considered  a  liberal 
estimate  for  the  thickness  of  the  Palaeozoic  formations  of  northern  Illi- 
nois. A  maximum  of  6000  feet  is  set  for  the  thickness  of  the  Palaeozoic 
in  southern  Illinois,  of  which  from  1200  to  1500  feet  is  allotted  to  the 
Coal  Measures.  The  terms  Potsdam  and  Lower  Magnesian  are  retained, 
and  a  thickness  is  assigned  to  the  latter  at  Rock  Island  of  about 
800  feet.  In  this  instance  it  seems  probable  to  the  reviewer  that  this 
measure  includes  the  Jordan  and  Saint  Lawrence  as  well  as  the  Oneota 
or  Lower  Magnesian.  Remarkable  variations  in  well  records  are  noted, 
and,  like  all  workers  with  such  data,  the  author  has  no  doubt  felt  the 
embarrassment  of  riches  when  more  than  one  well  record  is  extant  in 
any  district.  At  Chicago,  for  example,  the  recorded  thickness  of  the 
St.  Peter  sandstone  ranges  from  89  to  420  feet.  Surely  in  the  latter 
measurement  the  driller,  or  the  authority  for  the  record,  has  either 
reckoned  in  arenaceous  beds  of  the  Oneota  and  the  New  Richmond,  or 
has  been  misled  by  St.  Peter  sand  in  drillings  far  below  the  lower  limit 
of  the  formation. 

The  Potsdam,  the  St.  Peter,  the  Galena,  the  Lower  Magnesian,  and 
the  Niagara,  are  the  chief  artesian  water-bearing  strata. 

The  author  does  not  find  it  easy  to  separate  flowing  from  non-flow- 
ing wells  in  which  water  rises  under  hydrostatic  pressure,  and  desig- 
nates both  classes  as  artesian.  He  instances  wells  in  Chicago  which 
pass  from  one  class  to  the  other  each  week,  flowing  only  for  a  brief 
period  after  the  Sunday  intermission  from  pumping  of  neighboring  wells. 
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An  interesting  fact  is  the  control  of  artesian  head  by  the  height  of 
ground  water  in  the  cover  area,  and  several  instances  are  adduced  of 
the  head  being  raised  by  true  influx  of  surface  waters.  Under  the 
most  favorable  conditions  the  head  from  the  St.  Peter  and  the  Galena 
appears  to  reach  about  675  feet  A.  T.,  while  from  the  Potsdam  it 
appears  to  rise  slightly  above  700  feet.  Few  wells  in  northern  Illinois 
can  be  depended  upon  to  maintain  a  head  much  exceeding  600  feet  A. 
T.  A  few  examples  are  added  to  the  many  on  record  of  local  artesian 
regions  whose  head  is  lowered  by  over  draft.  In  the  Chicago  district 
the  head  of  the  St.  Peter  water  has  been  drawn  down  nearly  100  feet, 
and  this  loss  of  pressure  extends  ten  miles  and  over  west  and  south  of 
that  part  of  the  city  where  the  wells  are  now  numerous.  At  Joliet 
heavy  pumping  of  a  single  well  has  been  found  to  lower  the  head 
several  feet  in  wells  nearly  one-half  mile  distant.  The  increase  of 
mineralization  of  artesian  waters  with  increase  of  distance  from  the  area 
of  intake  is  amply  illustrated,  sodium  chloride,  for  instance,  ranging 
from  about  three  grains  to  the  gallon  at  Chicago  to  about  30  at  Rock 
Island  and  277.7  ^^  Barry. 

Of  less  interest  to  the  geologist  are  the  chapters  treating  of  the 
rainfall,  the  run  off  of  the  streams,  and  kindred  topics.  In  the  chapter 
on  the  water  supply  of  the  cities  and  towns,  the  statement  that  "  the 
Chicago  intakes  are  affected  by  sewage  only  when  the  Chicago  River  is 
at  high  stages,  which  seldom  amounts  to  more  than  a  few  days  each 
year,"  is  certainly  one  that  does  not  err  from  lack  of  moderation. 
The  final  chapter,  by  Professor  J.  A.  Udden,  treats  with  fullest  detail 
of  the  artesian  district  of  Rock  Island  and  vicinity.  The  report  is 
amply  illustrated  with  maps  and  sections,  and  it  places  on  permanent 
record  a  mass  of  valuable  statistics  in  several  fields.  The  details,  how- 
ever, are  so  handled  that  they  do  not  interfere  with  the  author's  direct 
and  luminous  treatment  of  the  subject.  W.  H.  Norton. 


The  Geology  of  Santa  Catalina  Island.  By  William  Sidney  Tangier 
Smith.  Proceedings  of  the  California  Academy  of  Sciences, 
3d  Series,  Geology,  Vol.  I,  pp.  1-7 1,  2  plates  and  map. 

The  chief  interest  in  this  paper  lies  in  the  clear  and  generally  con- 
vincing manner  in  which  the  author  has  discussed  the  physiographic 
problems  presented  by  his  very  attractive  field ;  his  work  being  in  that 
respect  a  continuation  of  the  previous  work  of  Lawson. 


REVIEPVS  209 

Santa  Catalina  Island  is  one  of  the  group  known  as  the  Channel 
Islands,  and  lies  about  twenty  miles  off  the  coast  of  southern  Califor- 
nia.    Its  general  trend  is  northwest  by  west,  with  a  length  of  twenty- 
one  miles,  and  an  average  width  of  three  miles.     It  is  traversed  from 
end  to  end  by  a  dominant  ridge,  culminating  at  2100  feet.     The  gen- 
eral character  of  the  surface  is  bold  and  rugged,  but  it  can  be  differ- 
entiated into  two  topographic  types,  the  one  characterized  as  a  young 
topography,  with  steep  sharp  ridges  and  acute  Y-shaped  canyons,  and 
the  other  as  an  older  topography,  composed  of  rounded  forms,  and 
restricted  to  the  higher  portions  of  the  island.     In  transverse  section,. 
the  island  shows  a  general  slope  towards  the  mainland ;  the  valleys* 
on  this  side  are  broad  and  open,  while  on  the  ocean  slope  they  are 
*"long  and  trough-like."     The  sea-cliffs,  which  make  up  the  greater 
part  of  the  coast  line,  are   in  such  rapid  recession  that   the  narrow 
V-shaped  canyons  frequently  merely  gash  their  upper  fronts,  not  having 
been  allowed  time  to  cut  down  to  sea  level. 

A  little  more  than  half  the  island,  including  most  of  its  westernt 
half,  is  made  up  of  a  basement  series  consisting  of  quartzite,  mica- 
schists,  talc  and  amphibolite-schists,  and  serpentine.  The  eastern 
portion  is  mainly  occupied  by  an  intrusive  mass  of  porphyrite  (in 
Iddings'  sense)  with  accompanying  dioritic  dykes,  and  by  andesitic 
flows  of  later  date.  The  various  intrusive  and  effusive  rocks  are 
described  in  detail,  but  present  few  features  of  general  interest.  The 
occurrence  of  a  small  area  of  rhyolite  is  noteworthy  on  account  of  the 
few  cases  in  which  rocks  of  this  character  have  been  described  in  the 
Coast  Range  region  of  California.  Its  age  relative  to  the  andesite  was 
not  determined.  Some  small  areas  of  light-colored  shale  were  found 
on  the  northeast  side  of  the  island,  associated  with  volcanic  tuffs,  and 
were  correlated  with  the  widespread  Miocene  shale  of  the  Coast  Ranges. 
In  this  case  the  shale  is  shown  to  contain  over  70  per  cent,  of  opaline 
silica,  and  to  be  made  up  largely  of  diatoms  and  form  in  if  era,  as  identi- 
fied by  Dr.  Hinde. 

The  serpentines  are  derived  from  ultra  basic  eruptive  rocks,  and 
are  associated  with  small  amounts  of  blue-amphibole-schist.  the  latter 
probably  the  result  of  contact  metamorphism. 

In  a  concluding  chapter  the  writer  ably  sums  up  the  geomorphog- 
env  of  the  island.  Submarine  contours  show  that  the  Catalina  land- 
mass  preserves  its  form  down  to  a  depth  of  1800  feet.  Near  the  shore 
the  water  deepens  rapidly  down  to  250  feet.     At  this  depth  a  sub- 
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marine  platform  of  varying  width  encircles  the  island,  beyond  which 
the  water  again  deepens.  Submarine  profiles  indicate  that  the  island 
began  its  history  as  an  orographic  block,  tilted  to  the  north,  and  form- 
ing a  part  of  the  mainland.  It  stood  2000  to  3000  feet  higher  than 
at  present.  Following  the  tilting  came  the  intrusions  of  porphyrite 
and  diorite.  Erosion  made  considerable  progress  upon  this  tilted 
block,  and  toward  the  close  of  this  period  the  andesitic  flows  were 
erupted,  accompanied  by  a  slow  subsidence.  Santa  Catalina  became 
an  island,  depressed,  at  the  close  of  the  downward  movement,  1400  to 
1600  feet  below  its  present  level.  During  the  Miocene  a  long  period 
of  erosion  reduced  the  unsubmerged  portions  to  a  peneplain.  A 
gradual  elevation  of  1850  feet  followed,  with  at  least  one  pause  in  the 
movement.  The  last  oscillation  is  exhibited  in  the  present  period  of 
rapid  sinking. 

The  discussion  and  exposition  (very  inadequately  summarized  in  a 
review  of  this  length)  is  in  general  admirable.  Exception  might, 
however,  be  taken  to  the  statement,  made  twice  within  the  paper,  that 
the  shortening  of  a  stream's  course  by  the  drowning  of  its  lower 
reaches  will  cause  it  to  cut  down  into  its  alluvial  fan. 

F.  L.  Ransome. 

Gealogy  of  tlie  Castle  Mountain  Mining  District,  Mofitana.  By  \V. 
H.  Weed  and  L.  V.  Pirsson.  Bull.  U.  S.  Gael.  Surv.,  No. 
139,  pp.  164,  7  plates.     Washington,  1896. 

Recently  considerable  study  has  been  directed  to  the  isolated 
mountains  which  form  the  foothills  of  the  Rockies.  Such  mountain 
masses  offer  an  inviting  field,  since  they  are  usually  much  simpler 
than  the  main  ranges,  and  by  working  out  in  detail  the  history  of  such 
independent  centers  of  eruption  the  general  order  and,  perhaps,  the 
causes  of  differentiation  in  rock  magmas  seem  likely  to  be  easiest 
learned. 

The  Castle  Mountain  is  a  dissected  volcano,  now  rising  about  3600 
feet  above  the  surrounding  plain,  itself  having  an  altitude  of  about 
5000  feet.  The  mountain  mass  is  about  ten  miles  in  diameter,  and 
stands  in  central  Montana  between  the  Little  and  Big  Belt  Moun- 
tains. The  stratified  rocks  of  the  region  include  representatives  of 
the  Algonkian,  Cambrian,  Silurian,  Devonian,  Carboniferous,  Jurassic, 
and  Cretaceous,  preceding  the  eruption,   and  certain    Neocene  lake 
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beds  and  glacial  drift  later  than  it.  The  rocks  bad  been  folded  and 
eroded  before  the  eruption  began,  but  have  been  little  disturbed  since. 
In  general  the  igneous  rocks  represent  the  types  resulting  from  the 
differentiation  of  a  granitic  magma.  The  more  abundant  rocks  are 
highly  siliceous  and  rich  in  alumina  and  the  alkalies.  They  include 
granite,  granite-porphyry,  quartz-porphyry,  rhyolite,  rhyolitic-obsidian, 
rhyolitic  tuffs  and  breccias.  More  basic  rocks,  including  augite-diorite,' 
porphyries,  passing  into  porphyrites,  lamprophyric  dikes  and  bosses 
and  basalt  flows  occur  in  less  abundance.  The  rocks  belong  to  five 
groups :  ( I )  The  massive  plutonic  rocks  represented  by  the  main  mass 
which  is  a  miraolitic  granite  becoming  porpbyritic  at  the  edge,  and  a 
second  smaller  mass,  which  is  dioritic.  The  latter  becomes  a  quartz- 
diorite-[>orphyrite  at  the  edge,  and  is  cut  by  aplitic  dikes,  probably 
from  the  granite  mass.  (2)  The  porphyritic  rocks  of  the  intruded 
sheets  and  flows  include  among  the  acid  types  micro-granite,  quartz- 
porphyry,  granite-porphyry,  feldspar-porphyry  and  porphyrites.  The 
basic  types  are  lamphrophyric  rocks,  with  phenocrysts  of  mica,  augite, 
hornblende  and  olivine.  Dikes  are,  upon  the  whole,  rather  rare,  and 
in  this  particular  the  region  stands  in  sharp  contrast  with  the  neighbor- 
ing Crazy  Mountain  region.  Minettes  occur  here  as  intruded  masses 
and  sheets  rather  than  in  the  usual  form  of  dikes.  (3)  The  extrusive 
rocks  include  rhyolites  and  breccias  from  the  granitic  mass,  and  basalts 
in  the  region  of  Volcano  Butte.  (4)  The  tuffs  and  breccias  have 
yielded  largely  to  erosion,  as  would  be  expected,  and  now  make  up 
the  Smith  Lake  beds.  (5)  There  are  certain  igneous  rocks  in  the  region 
which  do  not  seem  to  belong  to  this  center  of  eruption.  These  include 
a  diabase  sheet  intruded  in  the  Belt  shales  (Algonkian),  and  presum- 
ably very  ancient,  certain  ash  deposits  in  the  Dakota,  and  certain  dikes 
of  porphyrites,  acmite-trachytes,  trachytes  and  theralites  of  Crazy 
Mountain  types. 

The  general  order  of  eruption  seems  to  have  been :  first,  the  dio- 
rite  (possibly  not  belonging  to  the  main  mass);  second,  the  granite; 
third,  the  rhyolite  and  pitchstone ;  and,  fourth,  the  basalt  and  basic 
dikes.  It  will  be  seen  that  the  rocks  became  successively  more  highly 
differentiated.  The  excellent  analyses  show  that  the  alkali  ratio  KjO  : 
Na.^O  is  about  i  :  1.55  —  i  :  1.30,  with  the  most  rapid  variation  at  the 
extremes.  This  ratio  is  independent  of  geologic  position  or  coarse- 
ness of  crystallization,  and  seems  to  be  characteristic  of  the  magma. 
A  nu  nber  of  interesting  petrographical  facts  are  brought  out  in  the 
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discussion  of  the  rocks.  Certain  included  masses  in  the  granite, 
apparently  resembling  those  common  in  orbicular  granites,  are  shown 
to  be  fine-grained  hornblende-mica-syenite,  and  it  is  suggested  that 
their  origin  may  be  due  to  liquation.  It  is  pointed  out  that  the 
occasional  reference  of  micropegmatitic  structure  to  secondary  changes 
as  suggested  by  Irving,  Hobbs,  and  Romberg,  rests  upon  slight  evi- 
dence and  involves  rather  violent  assumptions  as  to  the  method  of 
corrosion. 

Aplitic  dikes  carrying  floated  fragments  of  biotite  and  feldspar 
similar  to  the  inclusions  in  the  minette  dikes  at  Aschaffenberg  were 
noted,  llmenite  was  found  altering  to  leucoxene,  which  proved  to  be 
anatase  rather  than  titanite.  A  quartz-tourmaline-porphyry  is  described. 
The  rock  occurs  as  an  intruded  sheet  having  a  felsitic  groundmass, 
quartz  phenocrysts,  feldspar  flecks,  and  radial  and  stellate  groups  of 
fibrous  tourmaline.  It  carries  fluorite,  and  is  referred  to  pneumatolitic 
processes.  Among  the  lamprophyres  are  augite-vogesites,  minettes 
and  monchiquites.  The  latter  are  of  interest  as  occurring  here  in  con- 
nection with  a  granitic  mass  rather  than  with  eleolite-syenite.  In 
connection  with  this  description  of  the  monchiquites  is  given  a  note 
by  Kemp  correcting  an  analysis  of  a  similar  rock  published  by  him  in 
Bull.  U.  S.  G.  S.  107.  The  basalt  carries  occasional  quartz,  but  offers 
no  new  evidence  as  to  its  primary  or  secondary  origin.  It  is  pointed 
out  that  the  term  divitrification,  as  used  in  petrography,  does  not 
necessarily  mean  strictly  secondary  action,  since  certain  spherulites  are 
produced  in  the  process  of  cooling  and  while  the  rock  is  still  viscous. 
Johnston -Lavis*  theory  that  the  variation  in  rocks  is  produced  by  the 
solvent  action  of  the  magma  upon  the  conduit  is  shown  to  be  unten- 
able so  far  as  this  area  at  least  is  concerned.  The  molecular  ratio 
between  the  alkalies  of  the  most  basic  and  most  acid  rocks  of  the  series 
is  125  :  50.  This  would  then  require  for  the  production  of  the  latter 
the  solution  of  at  least  an  equal  bulk  of  rock  wholly  free  from  alkali. 
Furthermore,  the  acid  rocks  which,  according  to  the  theory,  should  be 
first  erupted  was  not  first  but  relatively  late.  Finally,  the  dioriticmass, 
erupted  through  very  basic  shales,  becomes  more  acid  rather  than  more 
basic  towards  the  periphery. 

The  report  is  w^ell  illustrated,  and  is  of  interest,  not  only  from  the 
fact  that  it  deals  with  a  hitherto  practically  unknown  area,  but  because 
of  the  light  shed  by  it  upon  these  more  general  problems. 

H.  F.  Bain. 
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The  Ancient  Volcamc  Rocks  of  South  Moufitaifi,  Pe?msylvama, 
By  Florence  Bascom.  Bulletin  U.  S.  Geological  Survey, 
136,  Washington,  1896. 

When  the  work  on  the  porphyries  of  South  Mountain  was  taken  up, 
little  was  definitely  known  regarding  the  occurrence  of  ancient  volcanic 
rocks  in  the  eastern  United  States  outside  of  the  region  in  Massachu- 
setts in  which  certain  felsites  had  been  found.  Having  come  across  a 
specimen  of  the  porphyry  from  South  Mountain,  Professor  G.  H. 
Williams  and  Miss  Bascom  visited  the  region  to  learn  more  with  regard 
to  its  occurrence,  and  finding  unmistakable  evidence  of  the  presence  of 
an  ancient  igneous  rock  with  pronounced  flow  structure  and  indications 
of  spherulitic  crystallization,  it  was  decided  to  make  a  special  inves- 
tigation of  the  region.  This  was  carried  on  in  the  summer  of  1892, 
Professor  Williams  studying  the  northern  part  of  the  region  and  Miss 
Bascom  the  southern  part.  The  latter  also  undertook  a  detailed  study 
of  the  igneous  rocks  there  found.  Preliminary  notices  of  the  general 
geology  of  these  volcanic  rocks  have  been  published  by  Professor 
Williams,  and  of  the  petrography  of  the  most  siliceous  varieties  by  Miss 
Bascom.  The  present  publication  presents  the  complete  investigation 
of  all  the  igneous  rocks  of  the  region. 

It  reviews  the  literature  bearing  upon  the  district  from  1755  to 
1896.  From  this  it  is  clear  that  the  true  character  of  the  more  sili- 
ceous rocks  was  not  understood  by  previous  investigators.  Three 
types  of  rock  occur,  one  a  sandstone,  conglomerate  and  quartzite,  with 
occasional  argillaceous  shale ;  another  an  acid  volcanic  rock,  and  the 
third  a  basic  volcanic  rock.  The  sandstone  is  referred  to  the  Lower 
Cambrian  Age,  though  not  definitely;  and  the  igneous  rocks  are  found 
to  be  older  than  the  sandstone,  being  extrusive  lavas  overlaid  uncon- 
formably  by  the  sandstone.  They  are  considered  to  be  of  pre-Cam- 
rian  Age,  and  their  petrographical  resemblance  to  the  Keweenawan 
volcanic  rocks  of  the  Lake  Superior  region  is  pointed  out.  The  acid 
rocks  are  probably  older  than  the  basic  ones.  But  this  could  not  be 
definitelv  determined. 

Before  entering  upon  the  petrographical  description  of  the  acid 
eruptive  rocks  the  author  finds  it  necessary  to  devote  four  pages  to  a 
discussion  of  the  nomenclature  of  the  aphanitic,  porphyritic  and  non- 
porphyritic  varieties  of  these  rocks  —  an  excellent  commentary  on  the 
present  condition  of  petrographic  terminology.     At  its  conclusion  the 
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author  proposes  to  designate  "all  acid  volcanic  rocks  the  structures  of 
which  proves  them  to  have  once  been  glassy,  aporhyolites^  while  such 
as  were  originally  holocrystalline,  or  whose  original  character  is  in 
doubt,  will  be  termed  quartz-porphyries."  The  prefix  apo  is  intended 
to  indicate  the  fact  of  a  special  kind  of  alteration,  namely,  that  of 
devitrification  of  a  solid  glass.  Its  application  is  therefore  limited  to 
a  certain  class  of  rhyolites,  that  is,  the  hyalorhyolites. 

The  varieties  called  quartz- porphyry  are  briefly  described,  and  call 
for  no  special  comment,  except  to  note  the  occurrence  in  them  of  the 
unusual  mineral  piedmontite  together  with  ordinary  epidote,  both 
being  secondary  minerals.  The  aporhyolites  are  described  at  length. 
They  are  characterized  by  numerous  spherulites  and  some  lithophysje, 
most  clearly  reorganized  on  weathered  surfaces  of  the  rock.  Their 
form  and  distribution  are  the  same  as  in  recent,  unaltered  obsidians. 
The  description  of  the  phenocrysts  of  feldspar  is  not  entirely  saiisfac- 
tory  and  their  actual  character  is  left  in  doubt,  except  that  they  are 
undoubtedly  alkaline  varieties. 

The  microscopical  study  of  the  groundmass  has  been  very  thor- 
oughly carried  on,  and  the  descriptions  make  it  evident  that  there 
once  existed  in  these  rocks  textures  commonly  found  in  modern  rhvo- 
lites,  such  as  flow-structure,  taxitic  structure,  perlitic  cracking  and 
spherulitic  crystallization,  making  it  highly  probable  that  these  rocks 
originally  solidified  in  a  partially  glassy  condition.  They  are  at  pres- 
ent holocrystalline  and  exhibit  a  microcrystalline  and  also  a  micro- 
poikilitic  texture.  The  latter  is  discussed  at  great  length  and  its 
secondary  character  in  these  rocks  is  clearly  established.  The  author 
recognizes  the  fact  that  the  same  or  a  similar  texture  is  also  a  primary 
crystallization  in  certain  other  rocks.  Flow-breccias  and  tuft-breccias 
are  found  in  connection  with  the  massive  lavas.  In  places  the  massive 
rock  is  metamorphosed  into  a  sericite-schist,  in  which  often  the  original 
phenocrysts  are  still  preserved.  The  chemical  compositions  of  the  two 
rocks  are  nearly  identical. 

The  petrographical  description  of  the  basic  eruptives  begins  with 
a  discussion  of  the  nomenclature  relative  to  these  rocks,  which  is  short 
and  leaves  the  subject  in  a  confused  condition ;  the  confusion  being 
carried  throughout  the  chapter.  The  confusion  is  based  on  the  con- 
clusions arrived  at  in  the  paper  by  Professor  VV.  S.  Bayley,  which  is 
quoted  by  the  author.  The  mistake  is  made  in  assuming  that  the 
definition  of  the  groups  within  the  gabbro  class  of  rocks  as  suggested 
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by  Professor  Bayley  is  final,  or  even  that  it  is  acceptable  to  the 
majority  of  petrologists.  So  far  as  a  distinction  between  gabbro  and 
diabase  is  made  to  rest  on  purely  textural  grounds,  one  being  granular 
and  the  other  ophitic.  Professor  Bayley 's  conclusions  are  good,  but 
the  effort  to  relate  these  textures  to  the  mode  of  occurrence  of  the  rock, 
as  intrusive  or  extrusive,  is  futile,  and  the  suggestion  that  the  term 
diabase  be  applied  to  holocrA'stalline  extrusive  lavas  having  the  com- 
position of  gabbro,  and  the  terra  basalt  to  those  that  are  hypocrys- 
talline  (partly  glassy)  is  wholly  impracticable.  Throughout  the 
chapter  the  terms  melaphyre,  augite-porphyrite  and  diabase  are  used 
as  synonyms.  It  does  not  appear  from  the  description  in  what  sense 
the  term  augite-porphyrite  is  to  be  understood,  since  the  structure  and 
mineral  constituents  of  these  basic  rocks  at  South  Mountain  are  said 
to  be  markedly  uvixiorin  {op,  cit.  p.  72.);  the  texture  is  micro-ophitic 
and  the  porphyritic  structure  is  inconspicuous,  the  largest  feldspars 
being  o.8""  long.  Since  it  is  not  possible  to  prove  that  the  original 
lavas  were  or  were  not  glassy,  they  are  classed  as  having  been  origin- 
ally crystalline  and  for  this  reason  are  called  diabase  in  the  sense 
suggested  by  Professor  Bayley.  The  term  apo-basalt  could  not  have 
been  used  without  question. 

Although  the  rocks  have  been  greatly  altered,  enough  of  their 
original  texture  has  been  preserved  to  render  their  identification  satis- 
factory. They  had  the  mineral  composition  and  texture  found  in 
many  recent  basalts.  In  some  cases  olivine  still  remains,  in  others  its 
outline  only  is  left.  In  some  cases  lime-soda-feldspar,  augite  and 
magnetite  still  exist.  The  secondary  minerals  formed  are  quartz, 
epidote,  actinolite,  chlorite,  and  leuxocene.  Their  relative  proportions 
vary  in  different  places.  With  very  complete  change  in  mineral 
composition  there  is  surprisingly  little  change  in  the  texture  of  the 
rocks.  The  chemical  analvses  of  the  altered  rock  shows  considerable 
divergence  in  some  constituents  from  the  composition  of  norma) 
basalts.  Amygdaloidal,  brecciated  and  tuffaceous  forms  of  the  rock 
occur,  which  clearly  indicate  the  extrusive  character  of  the  lavas.  The 
amygdaloidal  varieties  have  been  specially  liable  to  metamorphism, 
resulting  in  schists,  or  slates,  spotted  where  the  former  amygdales 
have  been  dragged  into  flattened  disks. 

The  bulletin  closes  with  a  summary  of  the  facts  and  conclusions 
regarding  the  occurrence  and  nature  of  the  rocks,  and  with  a  brief 
notice  of  the  occurrences  of  similar  ancient  volcanic  rocks  in   North 
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America,  and  also  with  a  valuable  list  of  papers  in  which  points  of 
resemblance  between  ancient  and  modern  acid  volcanic  rocks  have 
been  emphasized,  and  those  treating  of  devitrification  and  of  spher- 
ulites.  The  paper  is  well  illustrated  by  twenty- eight  plates  and  is  a 
valuable  contribution  to  our  knowledge  of  ancient  and  more  or  less 
metamorphosed  volcanic  rocks. 

The  restriction  of  the  prefix  apo  to  those  altered  rocks  that  origin- 
ally contained  glass,  leaves  unsatisfied  the  demand  for  a  general  tenn 
which  can  be  applied  to  all  more  or  less  metamorphosed  lavas  that 
once  corresponded  to  unaltered  rhyolites,  basalts,  andesites,  etc., 
whether  glassy  or  holocrystalline.  In  this  case  it  would  seem  advisa- 
ble to  adopt  the  prefix  eo,  proposed  by  Nordenskjold  *  without 
regard  to  any  particular  age,  indicating  simply  that  the  altered  rock 
had  originally  been  what  the  remainder  of  the  term  signifies.  In  this 
sense  the  volcanic  rocks  of  South  Mountain  might  be  called  eorhyo- 

lites  and  eobasalts. 

J.  P.  Iddings. 

*  Ueber  archicische  Ergussgesteine  ausSmdiand.  Bull.  Geol.  Instit.,  Upsala,  No.  2., 
Vol  I.,  1893. 
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Upper  Cretaceous  of  the  Northern  Atlantic  Coastal  Plain.  By  Wm.  B. 
Clark. 
This  paper  was  prepared  in  cooperation  with  Messrs.  R.  M.  Bagg 
and  Geo.  B.  Shattuck  who  have  been  Professor  Clark's  geological  assist- 
ants for  several  years.  The  authors  divide  the  upper  Cretaceous  into 
(i  I  the  Matawan  formation  (including  the  Crosswicks  clays  and  Hazle, 
sands),  (2)  the  Monmouth  formation  (including  the  Mount  Laurel 
sands,  the  Navesink  marls,  and  the  Redbank  sands),  (3)  the  Rancocas 
formation  (including  the  Sewell  marls  and  Vincentown  lime  sands), 
(4)  the  Manasquan  formation.  Conformably  overlying  the  last  and 
probably  of  Eocene  Age  is  the  Shark  River  formation.  The  areal 
distribution  of  these  five  formations  was  represented  upon  a  large  map 
on  the  scale  of  one  mile  to  the  inch,  which  embraced  the  area  between 
New  York  Bay  and  the  Potomac  River.  The  variations  in  distribu- 
tion and  structural  relations  presented  throughout  this  distance  of  over 
200  miles  were  discussed  as  well  as  the  faunal  characters  of  the  several 
formations.  The  unconformity  existing  between  the  lowest  of  the  Cre- 
taceous formations  and  the  Potomac  formation  below  was  pointed  out 
as  well  as  the  clearly  defined  unconformity  of  the  Miocene  upon  the 
uppermost  member  of  the  green  sand  series  ;  at  the  same  time  the  evi- 
dence for  and  against  unconformity  between  the  Monmouth  and  Ran- 
cocas formations  was  discussed  without  a  final  decision  being  rendered 
upon  this  point,  the  evidence  being  somewhat  conflicting  in  this  matter. 
The  Matawan-Monmouth  formation  was  held  to  be  equivalent  to  the 
Eutaw,  Rotten  Limestone  and  Ripley  groups  of  Alabama  and  the 
Pamunkey  formation  equivalent  in  all  probability  to  all  or  the  greater 
part  of  the  Lignitic,  Buhrstone  and  Claiborne  of  the  same  area,  so  that 
the  Rancocas,  Manasquan  and  Shark  River  formations  must  represent 
the  interval  between  the  Ripley  and  Lignitic  of  the  Gulf.  The  first 
two  are  regarded  as  of  Cretaceous,  the  last  of  Eocene  Age.  The  differ- 
ent Cretaceous  formations  of  the  Atlantic  coastal  plain  were  shown  to 

be  approximately  equivalent  to  the  Senonian  and  Danian  of  Europe. 
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Age  of  the  Lower  Coals  of  Henry  County^  Missouri.     By  David  White. 

Under  this  title  was  presented  a  discussion  of  the  evidence  derived 
from  extensive  collections  of  fossil  plants  as  to  the  stage  of  those  coals 
in  other  American  and  Kuropean  sections.  Although  thestratigraphic 
palaeobotany  of  the  Pennsylvania-Ohio  bituminous  series  is  but  very 
imperfectly  known,  the  indicated  position  of  the  basal  coals  of  Henry 
county  is  apparently  higher  than  the  Mazon  Creek  stage  or  Brookville 
and  Clarion  coals,  and  presumably  lower  than  the  Middle  Kittanning,  it 
being  perhaps  near  the  Lower  Kittanning  in  that  series.  Compared  with 
the  plants  from  the  section  of  the  Northern  anthracite  field  the  Missouri 
flora  is  considered  by  Mr.  White  as  hardly  so  recent  as  the  E  (**  Pitts- 
ton"  or  "Big")  vein  though  probably  as  late  as  the  D  ("Marcy")  vein 
with  which  it  seenis  to  be  nearly  synchronous. 

Concerning  the  relations  of  the  Missouri  flora  to  the  floras  of  the 
Old  World,  to  which  forty-two  of  the  forfy-four  American  genera  are 
common,  the  conclusions  are  very  interesting  if,  as  the  author  main- 
tains, the  occurrence  of  the  same  species  in  the  different  basins  was 
approximately  contemporaneous.  The  comparative  study  of  the  geo- 
graphical and  the  vertical  distribution  of  the  species  from  the  basal 
coals  of  Henry  county  shows  that  this  flora  is  probably  later  than  the 
Middle  Coal  Measures  of  Great  Britain,  the  closest  alliance  being  with 
that  found  in  the  "transition  series'*  between  the  Middle  Coal  Measures 
and  the  Upper  Coal  Measures,  with  the  flora  of  which  ours  has  much 
in  common.  A  similar  strikingly  intimate  relationship,  involving  a 
large  percentage  of  identical  species,  exists  between  the  Henry  county 
flora  and  that  of  the  Valenciennes  strips  {Houiller  Moyen)  in  the  Franco- 
Belgian  field.  The  American  flora  is  clearly  not  older  than  the  third 
or  upper  zone  of  this  series,  to  which  M.  Zeiller  would  also  refer  our 
Mazon  Creek  plants.  The  correlative  conclusions  respecting  the  Brit- 
ish and  the  Franco- Belgian  measures  are  corroborated  by  the  relations 
of  our  flora  to  the  plants  of  the  Geislautern  beds,  which  shows  that  the 
stage  of  the  Missouri  plants  is  in  the  upper  part,  probably  near  the  top 
of  the  SarrbrUcker  Schiehten  (Westphalian). 

The  local  stratigraphic  position  of  the  phytiferous  beds  of  Henry 
county,  the  Jordan  coal,  and  another  seam  about  forty-five  feet  higher, 
is,  as  described  in  the  state  reports,  somewhat  peculiar,  since  these  beds 
lie,  at  some  points,  in  almost  direct  contact  with  the  deeply  eroded 
floor  of  Mississippian  rocks.  The  plants  offer  therefore  criteria  by 
which  to  approximately  fix  the  date  when  the  early  Meso-Carboniferous 
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inundation  reached  the  vicinity  of  Clinton,  and  they  mark  the  close 
for  that  district,  of  the  post-Mississippian  erosion  period,  during  which 
the  entire  Pottsville  series,  reaching  at  some  points  a  thickness  of  two 
thousand  feet  or  more,  and  a  portion  of  the  Lower  Productive  Coal 
Measures  were  laid  down  in  the  Appalachian  basin. 


Crater  Lake,   Oregon,*     By  J.  S.  Diller. 

Crater  Lake  of  southern  Oregon  is  deeply  set  in  the  hollow  base 
of  a  larre  cone  upon  the  summit  of  the  Cascade  range.  Its  rim  rises 
by  moderate  slopes  a  thousand  feet  above  the  general  level  of  the 
range,  and  the  descent  within  to  the  lake  is  precipitous.  The  lake, 
with  an  altitude  of  6239  feet  above  the  sea,  has  no  outlet.  It  is 
approximately  circular,  with  an  average  diameter  of  about  five  miles, 
and  is  completely  surrounded  by  cliffs  ranging  from  over  500  to 
nearly  2000  feet  in  height.  The  steep  slopes  continue  beneath  the 
water  to  a  depth  of  2000  feet.  The  great  feature  of  the  region  is  not 
the  lake,  but  the  caldera  which  it  half  fills  and  thus  partly  conceals 
but  greatly  beautifies.  The  rim  has  the  structure  of  the  peripheral 
portion  of  the  base  of  a  great  volcano.  It  is  composed  of  lava  streams 
and  sheets  of  volcanic  conglomerate  radiating  from  the  lake.  Sections 
of  the  coulees  appear  upon  the  inner  slope  of  the  rim  where  their 
broken  ends  form  cliffs  toward  the  lake,  and  it  is  evident  that  they 
once  converged,  forming  a  large  volcano  on  the  site  of  the  lake,  from 
which  they  issued.  In  some  cases,  as  for  example  under  Llao  Rock^ 
the  valleys  filled  by  great  flows  upon  the  outer  slope  of  the  central 
volcano  are  clearly  visible  in  the  section  afforded  by  the  rim.  The 
earlier  lavas  of  the  rim  are  andesites,  and  the  later  ones  rhyolites,  while 
basalts,  which  are  also  of  late  eruption,  are  confined  to  small  adnate 
cones  low  down  upon  the  outer  slope  of  the  rim.  The  rim  is  cut  at  a 
number  of  points  by  dikes  radiating  from  the  lake,  and  this  feature 
taken  in  connection  with  the  succession  of  lavas,  and  especially  the 
structure  of  the  rim,  clearly  points  to  Crater  Lake  as  a  great  volcanic 
center.  The  rim  of  the  lake  has  been  deeply  scored  by  glaciers,  but 
this  phenomena  is  confined  wholly  to  the  outer  slope.  Striae  and 
moraines  are  found  on  the  very  crest  of  the  rim  overlooking  the  lake. 
Deep  U-shaped  canyons  extend  directly  through  the  rim   ending  on 

'  Published  in  the  American  Journal  of  Science  for  March  1897,  ^^^  ii^  ^  more 
popular  form  in  the  National  Geographic  Magazine  for  February  1897. 
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the  brow  of  the  cliff  which  rises  many  hundreds  of  feet  above  the  lake 
level.  All  of  these  features  must  have  been  formed  by  glaciers 
descending  from  the  peak  represented  by  the  rim.  In  other  words, 
during  the  glacial  period  Crater  Lake  did  not  exist,  but  in  its  place 
there  towered  a  great  volcanic  peak,  rivaling  Shasta  in  size,  from  which 
emanated  the  coulees  of  the  rim  as  well  as  the  glaciers  for  its  striation. 
The  relation  of  the  striae  to  the  later  flows  shows  that  the  volcano  was 
yet  active  in  the  glacial  period.  The  removal  of  so  great  a  volcano 
and  the  production  of  the  large  caldera  is  due  to  subsidence.  This  is 
shown  by  the  absence  of  a  fragmental  rim,  such  as  would  have  been 
formed  if  the  material  had  been  removed  by  an  explosion,  and  also  by 
the  action  of  the  final  coulee  from  the  volcano.  It  flowed  not  only 
over  the  outer  slope  of  the  rim,  but  also  over  the  inner  slope  toward 
the  abyss  into  which  the  mountain  disappeared.  Since  this  engulf- 
raent  several  smaller  piles  of  volcanic  material  have  been  formed  by 
eruptions  upon  the  bottom  of  the  caldera.  One  of  these  rises  so  high 
as  to  form  an  island  in  the  lake,  and  furnishes  an  excellent  example 
of  a  cinder  cone  and  lava  field. 


Nipissing-Mattawa  River,  the  Outlet  of  the  Nipissing  Great  Lakes, 
Bv  F.  B.  Taylor. 

When  the  waters  of  lakes  Superior,  Michigan  and  Huron  were 
making  the  Nipissing  beach,  their  outlet  was  eastward  over  the  Nipis- 
sing pass  at  North  Bay,  Ontario,  to  the  Ottawa  valley.  This  outlet 
river  is  called  the  Nipissing-Mattawa  River  and  the  three  upper  Great 
Lakes  of  that  lime  are  called  the  Nipissing  Great  Lakes.  Mr.  G.  K. 
Gilbert  visited  North  Bay  in  1887,  Professor  (t.  F.  Wright  in  1892  and 
the  writer  explored  some  of  the  ground  at  North  Bay  in  1893,  ^^id 
more,  with  a  visit  to  Mattawa,  in  1895.  ^^^st  autumn  a  canoe  trip  of 
six  days  in  fine  weather  was  made  from  the  head  of  Trout  Lake  to 
Mattawa,  thus  covering  the  whole  length  of  the  Mattawa  valley. 

The  Nipissing  beach  is  well  developed  at  North  Bay  at  an  altitude 
of  about  700  feet  above  sea  level.  On  the  present  col  at  North  Bay 
the  old  outlet  bed  is  somewhat  over  a  mile  wide,  30  to  35  feet  deep  at 
the  maximum  and  perhaps  half  that  on  the  average.  The  average 
here,  however,  is  not  easy  to  get,  for  there  was  an  archipelago  on  the 
south  side,  and  not  much  is  known  as  to  the  number  and  capacity  of  the 
old  channels  between  the  islands.     The  first  swift  water  of  the  ancient 


ABSTRACTS  221 

outlet  was  at  the  foot  or  east  end  of  Trout  Lake  about  twelve  miles 
east  of  North  Bay.  The  Nipissing  beach  though  faint  can  be  followed 
to  the  foot  of  Trout  Lake. 

The  effects  of  the  flowing  current  of  the  ancient  outlet  river  are  well 

marked  at  several  points.     The  places  of  several  ancient  rapids  and  one 

cataract  were  found.     The  cataract  was  at  the  present  Talon  Chute  and 

the  four  most  notable  rapids  were,  (i)  below  Turtle  Lake,  (2)  below  a 

lake  called  Pimisi  Bay,  (3)  at  the  modern  Des  Epines  Rapids  and  (4) 

at  Mattawa.     The   falls  were   25   to  30  feet  high  and  the  postglacial 

gorge  made  by  them  is  very  distinct.     It  is  not  quite  half  a  mile  long, 

but  it  is  deep  and  averages  only  about  300  feet  in  width.     The  walls 

are   of  red  granite  and  vertical  40  to   100  feet.     A  thin  and  highly 

inclined  bed  of  crystalline  limestone  passing  down  into  the  gorge  from 

the  west  may  have  hastened  the  cutting  somewhat.     The  ancient  river 

was  expanded  to  a  lake  in  the  Lake  Talon  basin,  and  njade  faint  but 

distinct  shore  lines  by  wave  action.     One  is  20  feet  above  the  present 

lake  and  the  other  ten  or  twelve  feet  higher.     The  mark  of  the  surface 

level  of  the  river  was  quite  plain  at  some  of  the  rapids.     On  the  north 

side  at  Des  Epines  rapids  this  mark  is  55  feet  above  the  present  river. 

The  channel   at   that  level  was  between   600   and   700  feet  wide  and 

averaged  35  to  40  feet  in  depth,  and  the  current  was  strong  enough  to 

move  gravel  and  pebbles  of  sniall  size.     This  corresponds  in  a  general 

way  with  the  size  of  the  modern  St.  Clair  River. 

Ancient  rapids  were  recognized  in  three  ways.  There  are  several 
narrow  passages  that  are  heavily  bowlder-paved.  They  mark  the 
points  where  moraines  cross  the  channel.  At  Des  Epines  and  Mat- 
tawa the  bowlders  of  gneiss  and  granite  are  worn  and  scoured  into 
many  curious  forms.  Many  were  found  with  basins  or  potholes  bored 
in  them  and  a  few  bored  clear  through  so  as  to  become  ring-bowlders. 
At  each  of  these  rapids  a  stream  enters  just  above  and  furnished  a  con- 
stant supply  of  gravel,  sand  and  pebbles  for  the  current  to  roll  over 
and  among  the  bowlders.  The  rapids  below  Turtle  Lake  and  Pimisi 
Bay  are  of  the  same  sort  except  that  the  water  issued  from  lakes,  and 
so  had  no  supply  of  gravel  to  scour  with.  The  third  way  of  recogniz- 
ing rapids  was  by  inference  indirectly.  Such  rapids  were  in  narrow 
defiles  or  canyons  with  walls  of  bare  rock  and  the  fact  that  rapids  had 
existed  there  was  inferred  from  the  observed  drop  in  the  surface 
level  of  the  river  above  and  below.  The  remains  of  the  ancient  Nipis- 
sing-Mattawa  River  agree  with  the  Nipissing  beach  in  indicating  that 
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the  Nipissing  Great  Lakes  endured  for  a  relatively  long  period  of  time. 
And  so  long  as  it  lasted,  Niagara  had  only  the  discharge  of  Lake  Erie. 
A  detailed  account  of  the  scoured  bowlders  appears  in  the  current 
{March)  number  of  the  American  Journal  of  Science. 


The  Grain  of  Rocks.     By  Alfred  C.  Lane. 

The  grain  of  rocks  is  dependent  on  the  chemical  composition  and 
the  causes  that  produce  solidification,  cooling,  gas  diffusion,  etc.,  the 
general  law  being,  the  more  rapid  the  action  the  finer  the  grain.  The 
paper  discusses  the  grain  from  the  threefold  standpoint  of  theory, 
observation  upon  the  Keweenawan  rocks,  and  experiment. 

In  regard  to  chemical  composition,  the  augite  of  the  luster-mottled 
melaphyres  shows  plainly  the  empirical  law  that  the  less  there  is  of  it 
the  finer  is  its  grain,  other  things  being  equal. 

The  following  laws  of  cooling  are  mathematically  applicable  to  an 
indefinite  sheet : 

{A)  The  case  where  we  consider  the  adjacent  rock  symmetrically 
heated  by  the  sheet  can  be  solved  by  aid  of  a  solution  for  the  case  that 
the  walls  are  kept  at  a  fixed  temperature.  For  the  temperature  at  any 
point  P  of  the  affected  zone  A  D  (the  sheet  and  its  contact  zone)  is 
the  average  of  the  temperatures  that  two  points  P^  and  P.^  would  have 
that  were  at  the  same  distances  from  the  walls  of  a  hypothetical  dike 
E  F,  as  broad  as  the  whole  zone  affected  (its  walls  being  kept  at  a  con- 
stant temperature)  as  the  point  whose  temperature  is  sought  is  from 
the  two  walls  of  the  smaller  sheet ;  the  sum  of  the  temperatures  being 
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taken  if  said  point  is  within  the  small  dike,  the  difference  if  it  is  out- 
side in  the  contact  zone  (time  and  initial  conditions  being  the  same). 

(B)  Taking  the  case  of  a  sheet  originally  of  a  uniform  temperature 
where  the  sides  of  the  sheet  are  kept  at  a  fixed  temperature,  we  can 
divide  the  cooling  into  three  periods  : 

(i)  Before  the  center  has  cooled  appreciably.  During  this  period 
the  rate  of  cooling  is  as  the  square  of  the  distance  of  the  margin,  and 
independent  of  the  size  of  the  sheet  otherwise. 

The  augite  of  the  Keweenawan  ophites  follows  in  its  grain  this  law, 
the  average  area  of  cross  sections  being  proportional  to  the  square  of 
♦he  distance  from   the  margin,  and   independent  of  the  size  of  flow. 
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Consolidation  in  this  period  may  a  priori  h^  expected  to  be  especially 
characteristic  of  effusive  and  porphyritic  rocks, 

(2)  While  the  center  is  cooling  down  one-fourth  of  original  dif- 
ference in  temf>erature  between  sheet  and  margin.  This  period  is 
about  four  times  as  long  as  the  first. 

(3)  Thereafter  the  rate  of  cooling  when  given  temperature  is 
reached  will  be  independent  of  the  position  of  a  point.  Hence  the 
grain  will  be  uniform  and  the  same  for  all  parts  of  the  sheet  that  con- 
solidate in  this  period.  The  solidification  will  tend  to  fall  into  this 
period  for  high  initial  temperatures  of  the  magma  and  hot  walls,  com- 
pared with  the  temperature  of  solidification  and  broad  contact  zones. 
Hence  solidification  in  this  period  may  be  taken  as  typical  for  abyssal 
rocks. 

Dikes  of  the  Keweenawan  in  the  Huronian  show  a  marginal  zone 
where  the  grain  appears  to  have  been  formed  in  the  first  period  of 
solidification,  and  a  central  belt  where  the  solidification  appears  to 
have  been  in  the  third  period. 

Similar  phenomena  may  be  reproduced  in  melted  sulphur,  and  in 
sugar  and  water.  In  the  latter  case  we  have  phenomena  of  aqueo- 
igneous  fusion,  and  the  temperature  of  solidification  being  compara- 
tively low,  there  is  a  strong  tendency  toward  the  appearance  of  the 
central  zone  of  uniform  grain.  The  tendency  to  solidify  as  glass  is 
dependent  upon  the  escape  of  the  water. 

If  the  sides  are  not  kept  at  a  fixed  temperature,  the  sides  will  cool 
more  slowly  than  the  center,  for  temperatures  half  way  between  the 
initial  temperatures, —  a  possible  explanation  lies  here  for  a  certain 
kind  of  porphyritic  facies  of  granites. 


A  Study  of  the  Nature^  Structure,  ami  Phylogeny  of  Dicmotielix.  By 
E.  H.  Barbour. 

.Additional  expeditions  to  the  Dcemonelix  region  have  added  new 
data  showing  the  apparent  steps  in  the  phylogeny  of  this  anomalous 
group. 

The  simplest  expression  of  Dneiiionelix  seems  to  be  a  fiber  found 
in  the  sand  rock,  which  shows  unmistakable  plant  structure,  and  is, 
in  every  respect,  like  the  fiber  found  in  all  the  Daemonelix  series.  The 
author's  present  belief  is  that  the  various  forms  of  the  Diemonelix 
irroup  result  from  the  aggregation  of  these  simple  fibrous,  fresh -water 
seaweeds  into  variously  shaped  bunches,  clusters,  and  spirals. 
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Ascending  to  higher  beds  one  comes  next  to  Daemonelix  "cakes/* 
which  are  about  the  size  of  common  camp  griddle-cakes.  So  far  as 
can  be  determined  by  the  eye  or  the  microscope  they  are  nothing 
more  nor  less  than  colonies,  or  aggregations  of  Daemonelix  fibers^ 
Vertical  range  twenty-five  feet. 

Next  above  the  **  cakes"  come  the  Dremonelix  "balls,"  which 
resemble  in  size  and  shape  the  old  New  England  codfish  ball.  These 
are  but  aggregations  or  bunches  of  Daemonelix  fibers.  Vertical  range 
about  twenty- five  feet. 

Next  come  slender  forms  of  nearly  vertical  and  somewhat  spiral 
habit,  called  Daemonelix  "cigars."  The  weathered  and  broken  ends 
of  these  occur  in  immense  abundance.  They  are  about  the  size  and 
length  of  an  ordinary  walking  stick.  These,  too,  are  but  aggregations 
of  the  simple  Daemonelix  fiber.  Though  practically  confined  to  a 
range  of  twenty  nor  more  feet  they  occur,  in  decreasing  numbers, 
almost  through  the  upper  Daemonelix  beds. 

The  forms  encountered  next  are  frail  and  slender,  scarcely  thicker 
than  the  wrist,  yet  positively  spiral  and  vertical  in  habit.  They  are 
viewed  as  the  immediate  progenitors  of  Daemonelix  regular.  They 
are  but  aggregations  of  the  primitive  Daemonelix  fiber.  Vertical  range 
scarcely  twenty  feet. 

Above  all,  comes  the  "  Devil's  Corkscrew,"  the  first  forms  of  which 
are  smaller,  more  regular,  and  more  mathematically  exact  than  are  the 
larger  and  strangely  modified  forms  characteristic  of  the  topmost 
beds.  Some  are  free  spirals,  some  are  fixed  about  an  axis,  some  have 
no  transverse  trunk,  others  have  one,  two,  or  three  ;  others,  called 
"  twin  screws,"  have,  in  each  case,  a  large  screw  and  transverse  trunk, 
ending  in  a  smaller  reversed  screw  and  trunk.  These  are  thought  to 
be  the  first  complete  specimens  of  Daemonelix.  Continued  studv 
makes  it  only  the  more  apparent  that  these  magnificent  screws  are  but 
spiral  aggregations  of  the  simple  Daemonelix  fiber  first  encountered. 

More  than  one  hundred  micro-sections  have  been  cut  from  all 
parts  of  all  forms.  Without  exception  all  show  precisely  the  same 
simple,  cellular,  non-vascular  structure,  to  be  likened  only  to  sea- 
weed. Numerous  photomicrographs  of  these  have  been  niade  and  are 
ready  for  publication. 
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GLACIAL  STUDIKS  IN   GREENLAND.     X. 

The  Bozcdoin  glacier. —  The  Bowdoin  glacier  is  a  lobe  of  the 
great  inland  ice- sheet  which  descends  from  the  north  into  the 
head  of  the  valley  of  l^owdoin  Bay.  It  is  joined  on  the  east 
by  ice  pushing  in  through  the  intervals  between  a  row  of 
nunataks  that  lie  on  the  plateau  border.  On  the  west  it  is  con- 
fluent with  the  trunks  of  the  Tuktoo  and  Sun  glaciers  which 
debouch  into  the  broad  flat  valley  at  the  head  of  McCormick 
Bay.  This  is  only  separated  from  the  Bowdoin  Bay  valley  by 
nunataks  of  which  the  Sierra  and  the  Sentinel  are  the  most 
conspicuous.  These  lie  in  the  lower  part  of  the  common  valley 
and  have  already^been  mentioned  in  connection  with  the  Tuktoo 
glacier  (see  sketch  map,  p.  668,  Vol.  III).  No  very  precise 
point  can  be  fixed  upon  as  the  place  of  parting  of  the  Bowdoin 
glacier  from  the  main  ice-cap,  but  it  may  fairly  be  regarded  as 
having  a  length  of  six  or  eight  miles.  In  its  lower  half  it  is 
joined  on  the  east  by  the  Obelisk  glacier  which  comes  in  below 
the  North  nunatak  and  by  the  East  Branch  glacier  w  hich  pushes 
in  more  directly  from  the  east  on  the  south  side  of  the  Obelisk 
nunatak.  The  East  Branch  glacier  appears  to  terminate  by  lat- 
eral wastage  almost  at  the  point  of  joining  the  Bowdoin  glacier 
and  apparently  never  becomes  really  confluent  with  it.  But  the 
Obelisk  glacier  blends  with  and  becomes  a  part  of  the  Bowdoin 
glacier  without  being  distinguished  from   it   even   by   a  medial 

moraine.     The  Bowdoin  glacier  in   its  lower  part  has  a  breadth 
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of  about  two  miles.     It  is   the   master   glacier  of  the  vicinity 
both  in  respect  to  dimensions  and  activity- 

Thc  descent  of  its  floor  Is  apparently  between  2000  and  3000 
feet.     This  is  accomplished  by  a  somewhat  steep  fall  from  the 


Fig.  64,  Transverse  view  of  Bowdoin  glacier  seen  from  ihe  lidglits  on  the  east 
limking  northwesterly.  The  glacial  movement  is  from  right  to  left.  The  dark  longi- 
tudinal line  represents  the  sunken  medial  moraine.  The  undulations  of  the  surface 
are  fairly  well  indicated.  The  slope  just  beyond  the  crevassed  area  in  the  right  fore- 
ground and  between  that  atea  and  the  media]  moraine  inclines  hacheard,  1. 1.,  to  the 
right,  and  a  brook  flows  in  that  direction.  The  notable  feature  of  the  surface  is  the 
crevassing.  The  nunatak  beyond  the  Bowdoin  glacier  on  the  right  is  the  Sierra,  that 
on  the  left  the  Sentinel.  The  Tukloo  glacier  is  seen  between  these  and  in  tlie  dis- 
tance a  glimpse  of  the  Sun  glacier  is  obtained.  The  ice-capped  heights  beyond  are 
a  part  of  the  border  of  Prudhoe  Land.  Lieutenant  I'eary's  first  route  across  the  ice- 
cap lay  along  these  heights.     Photograph  by  Professor  Wm.  Libbey,  Jr. 

Upland  to  the  valley,  and  then  by  a  notable  but  unequal  decline 
throughout  its  remaining  course.  The  inequality  of  the  decline 
is  indicated  not  only  by  the  undulation  of  its  profile,  but  by 
intensive  crevassing  which  distinguishes  it  from  most  of  the  val- 
ley glaciers  of  the  vicinity.  The  crevassed  condition  is  well 
shown  in  Fig.  64  and  is  worthy  of  thoughtful  consideration 
when  the  relatively  slight  undulations  and  the  relatively  slow 
movement  of  the  glacier  are  taken  into  consideration.    Such  pro- 


GLACIAL  STUDIES  IN  GREENLAND 


231 


nounced  crcvassiiig  emphasizes  the  slight  ductility  of  the  ice. 
The  failure  of  the  ice  to  fill  up  the  inequalities  and  form  a  con- 
tinuousl}-  declining  surface  after  the  fashion  of  liquids  is  a  fur- 
ther  feature  of  interest.     The  undulations   are   so  great  as  to 


t  eiul  of  liowdoin  glacier.     The  hen.l  of  Bowii 

in  Bav  is  seen  at  the 

assed  end  of  the  glacier  in  Ihe  cenler  and  leil. 
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Sugar  Loaf  ii 


give  rise  to  irregular  surface  drainage.  In  one  instance  at 
least,  to  which  I  was  guided  by  Lieutenant  Peary,  the 
drainage  is  reversed.  A  considerable  brook  runs  in  a  direc- 
tion opposite  to  that  of  the  motion  of  the  glacier.  It  flows 
northward  while  the  glacier  flows  southward.     The   northward 
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slope  may  be  seen  at  the  right  hand  of  Fig.  64  a  little  this  side 
of  the  medial  moraine. 

The  Bowdoin  glacier  debouches  at  its  lower  extremity  into 
the  head  of  Bowdoin  Bay  and  discharges  icebergs  of  consider- 
able dimensions,  Fig.  65.  This  discharge  seems  to  vary  very 
greatly  with  the  nature  of  the  summer  season.  My  observa- 
tions happened  to  fall  upon  a  season  of  relative  quiescence. 
From  the  sixth  to  the  twenty-third  of  August  I  occupied, 
through  the  kindness  of  Lieutenant  Peary,  a  lodge  overlooking 
the  sea  wall  of  the  glacier  and  so  near  at  hand  as  to  be  within 
easy  hearing  distance  of  any  notable  disruptive  action  but  dur- 
ing this  time  I  was  not  fortunate  enough  to  witness  the  dis- 
charge of  a  single  notable  mass  of  ice,  or  even  to  hear  it.  A 
more  substantial  evidence  of  quiescence  is  found  in  the  fact  that 
within  less  than  200  yards  of  the  extremity  of  the  glacier  on 
the  east  side  there  was  an  ice  bridge  spanning  the  lateral  stream 
and  connecting  the  glacier  with  a  spur  of  rock.  Lieutenant 
Peary  informed  me  that  the  bridge  had  remained  intact  for  two 
years  and  had  been  used  as  a  means  of  communication  with  the 
glacier  whose  vertical  face  at  other  points  rendered  access  diffi- 
cult. It  would  be  an  error,  however,  to  draw  conclusions  from 
these  facts,  for  during  the  succeeding  season  the  bridge  was  not 
onlv  broken  away  but  extensive  discharges  of  icebergs  took 
place  along  the  sea  face  of  the  glacier.  I  presume  that  this 
unequal  and  somewhat  spasmodic  action  represents  the  habit 
of  the  glacier.  It  seems  probable  that  during  a  succession  of 
severe  seasons  the  motion  of  the  ice  is  quite  slight  and  the 
extremity  of  the  glacier  makes  but  little  advance.  But  an 
exceptionally  warm  season  following  such  a  succession  of  severe 
ones,  during  which  thickening  and  steepening  of  the  gradient 
may  have  taken  place,  probably  causes  a  notable  thrusting  for- 
ward of  the  glacial  foot  accompanied  by  corresponding  iceberg 
discharge. 

On  its  west  side  the  Bowdoin  glacier  does  not  present  an 
extensive  vertical  wall  in  accordance  with  the  prevailing  fashion 
of  the  region.     In  its  upper  part  the  glacier  runs  side  by  side 
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with  the  trunk  of  the  Tuktoo  glacier,  as  already  observed.  Below 
this  it  rubs  hard  against  the  Sierra  and  Sentinel  nunataks  and 
its  activity  is  such  as  to  prevent  the  development  of  the  fossae 
which  often  lie  between  nunataks  and  adjacent  glaciers.  Between 
the  two  nunataks  named  the  glacier  protrudes  westward  to  meet 
the  reciprocal  eastward  protuberance  of  the  Tuktoo  glacier,  and 
the  two  jointly  impound  two  small  triangular  lakes  in  the  angles 
between  themselves  and  the  nunataks.  Where  the  protuber- 
ances are  opposite  to  each  other  their  extremities  are  not  verti- 
cal, though  steep  and  somewhat  stepped.  This  is  perhaps  due  to 
the  absence  of  the  reflecting  frontal  plane  which  I  have  thought 
might  be  one  of  the  factors  in  the  development  of  the  ver- 
tical faces.  Each  glacier  standing  opposite  to  the  other  covers 
the  ground  which  would  otherwise  act  as  a  reflecting  surface. 

On  the  east  side  of  the  Bowdoin  glacier,  however,  there  is 
the  usual  vertical  face  with  its  accompanying  sharp  triangular 
valley  between  the  ice  and  the  adjacent  rock  slope.  This 
extends  from  the  extremity  of  the  glacier  to  the  point  of  its 
junction  with  the  East  Branch  glacier,  a  distance  of  perhaps 
three  miles.  At  a  few  points  spurs  of  rock  close  the  valley.  East 
Branch  hill  projects  notably  into  the  path  of  the  glacier  and  not 
only  closes  the  lateral  valley  but  crowds  the  border  of  the  ice 
out  of  its  path.  At  these  points  of  interruption  the  stream, 
which  as  usual  runs  between  the  glacier  and  the  valley 
side,  is  forced  to  tunnel  under  the  glacier.  After  a  cold  day  or 
two,  the  water  in  the  stream  becomes  low  and  the  tunnels  then 
afford  a  means  of  penetrating  to  limited  distances  beneath  the 
ice,  Fig.  66.  The  phenomena  so  disclosed,  however,  do  not 
essentially  differ  from  those  seen  to  better  advantage  in  the  ver- 
tical sides.  The  amount  of  debris  appears  more  scant  because 
it  is  not  concentrated  by  surface  melting  nor  exaggerated  by 
surface  wash.  In  some  instances  where  blocks  of  ice  had  recently 
fallen  away  from  the  roof,  opportunity  was  given  for  the  study 
of  exceptionally  fresh  unweathcrcd  ice  which  had  not  been  sub- 
jected to  the  sun's  rays,  except  as  they  reached  it  through  con- 
siderable  depths   of  ice.     Even  here  the  ice  is  far  from  being 
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really  compact  and  transparent.  It  varies  from  translucency  in 
the  more  dense  layers  to  nearly  complete  opacitj-  in  the  more 
porous  layers.  This  is  an  expression  of  lack  of  solidity  and 
may  be  noted  as  specially  instructive  since  the  ice  is  here  near 


Fig.  66.  Entrance  to  a  tunnel  under  the  side  u{  Bowdoin  glacier,  UK>king  down. 
stream.  The  shoulder  of  rock  which  caused  the  undercutting  of  the  slream  is  par- 
tially shown  at  the  left.  The  peculiar  arching  of  the  beds  is  an  interesting  feature. 
Photograph  by  Professor  Wm.  Libbey,  Jr. 


the  end  of  its  career  as  a  part  of  the  glacier.  As  it  was  derived 
from  the  main  ice-cap  it  may  possibly  have  had  as  long  a  glacial 
history  as  often  falls  to  such  ice. 

The  stratification  and  the  basal  loading  of  the  ice  exhibited 
along  the  extended  vertical  face  are  much  the  same  as  in  the 
glaciers  previously  described,  but  differ  somewhat  in  the  fact 
that  the  layers  of  ice  are  more  warped  and  contorted,  a  result 
doubtless  of  the  greater  inequalities  of  the  glacier's  bed.  Very 
notable  dips  of  the  glacial  layers,  both  up  stream  and  down 
stream,  were  frequently  observed  and  sometimes  reached  large 
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angles,  in  one  instance  70°.  These  dipping  planes  were  some- 
times marked  by  debris  (though  more  commonly  not)  showing 
that  thev  were  genuine  planes  of  acquired  stratification.  But 
the  distortion  often  went  far  beyond  mere  changes  of  dip,  how- 


ever great  or  abrupt.     It  amounted   to  crumpling  and  even  to 
faulting.     A  special  Instance  is  illustrated  in  Fig.  67. 

The  debris  does  not  rise  so  high  in  the  Bowdoin  glacier  as  in 
some  of  the  others  already  described.  This  fact  is  perhaps 
worthy  of  special  note  as  this  is  a  tongue  of  the  great  ice  cap 
and  has  descended  over  an  undulatory  bottom  nearly  to  the  sea 
level.  It  is  perhaps  further  worthy  of  note  because  this  glacier 
discharges    into   the    sea.     The    basal    layers    are    not    forced 
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upwards  at  their  extremities  to  the  same  degree  that  was 
observed  in  some  glaciers  that  have  less  free  termination.  A 
measurement  of  the  upper  limit  of  the  debris-bearing  layers  at  a 
point  about  two  miles  distant  from  the  end  of  the  glacier  gave  a 
height  of  only  twenty-eight  feet.  Between  this  point  and  the 
extremity  of  the  glacier  the  debris  was  usually  confined  to  less 
heights,  and  at  some  points  near  the  end  it  was  not  visible  at  all 
in  the  lateral  face  of  the  glacier.  The  amount  of  debris  even 
within  the  limited  range  indicated  was  often  relatively  small 
and  never  very  heavy.  The  accompanying  photographs  sub- 
stantiate this.  The  bowlders  of  this  glacier  were  usually  more 
rounded  than  those  previously  described,  and  this  rounding 
was  of  such  a  nature  as  to  imply  very  considerable  wear.  The 
debris  was  composed  wholly  of  crystalline  rock,  so  far  as 
observed,  no  admixture  of  clastic  material  being  seen.  The 
considerable  rounding  of  the  material,  the  small  amount  of 
debris  and  its  low  position  at  the  base  of  the  glacier  are  facts 
worthy  of  special  note.  They  will  be  seen  to  have  special  sig- 
nificance when  it  is  remembered  that  this  is  one  of  the  larger 
(though  not  by  any  means  the  largest)  tongues  of  the  great 
ice-cap. 

The  rubbing  of  the  glacier  against  shoulders  of  rock  project- 
ing from  the  side  of  the  valley  gave  opportunity  for  observing 
some  of  the  special  phenomena  of  such  situations.  At  one 
point  the  process  of  *' plucking"  was  well  indicated  (though  not 
actually  observed)  on  the  lee  slope  of  a  spur  of  gneissoid  rock. 
Blocks  ranging  up  to  three  or  four  feet  in  width  and  length  and 
one  or  two  feet  in  thickness  had  been  detached  in  considerable 
numbers.  The  process  involved  much  breaking  and  bruising 
with  relatively  little  wear.  Corners  and  angles  were  broken  off 
and  heavy  bruise  marks  were  observed  both  on  the  blocks  and 
on  the  sides  and  edges  of  the  cavities  from  which  they  had 
been  removed.  At  some  points  considerable  crushed  rock  was 
observed.  On  the  other  hand,  systematic  grooves  and  striae  were 
not  abundant  nor  pronounced.  The  dynamic  impression  given 
was  that  of  a  forceful  tearing  out  of  blocks  by   the  action  of  a 
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relatively  rigid  agency   which    did   not   press   the   blocks   hard 
upon  the  lee  slope  after  their  removal. 

At  the  point  where  the  glacier  grinds  against  the  projecting 
side  of  the  East  Branch  hill,  the  ice  was  notablv  crevassed,  the 
fractures  being  most  open  at  the  side  and  gradually  closing  as 
they  passed  away  toward  the  axis  of  the  glacier.  They  were 
directed  obliquely  up  stream  according  to  the  general  law  of 
lateral  crevasses.  Immediately  against  the  obstructing  projec- 
tion the  ice  was  broken  up  into  numerous  blocks  and  fragments 
and  somewhat  piled  up  against  the  side  of  the  hill  or  tumbled 
back  upon  the  upper  surface  of  the  glacier.  The  same  thing 
occurs  on  the  opposite  side  where  the  glacier  rubs  hard  against 
the  Sierra  nunatak. 

Just  north  of  the  point  of  forceful  contact  with  the  East 
Branch  hill,  a  very  interesting  instance  of  contortion  and 
upward  thrust  was  observed.  The  accompanying  figure  (67) 
shows  the  nature  of  this  better  than  any  verbal  description.  It 
may  be  observed  that  near  the  base  there  are  two  quite  pro- 
nounced lines  which  have  the  appearance  of  special  shear 
planes.  The  contortion  of  the  central  belt  in  being  forced 
obli(juely  upward  is  well  displayed  in  the  photograph.  While 
the  cause  of  the  phenomena  cannot  be  positively  stated,  it 
associated  itself  in  my  mind  with  the  obtrusion  of  the  projecting 
point  of  East  Branch  hill  immediately  below  it.  Whether  this 
be  the  cause  or  not,  the  phenomena  impress  me  as  a  clear  case 
of  forceful  localized  thrust  with  resulting  foliation  and  shear 
planes. 

At  the  point  where  the  East  Branch  glacier  joins  the  Bow- 
doin  glacier,  a  large  amount  of  debris  had  accumulated  from  a 
medial  moraine  derived  from  the  Obelisk  nunatak  lying  between 
the  East  Branch  and  the  Obelisk  glacier.  The  accumulated 
rubbish  was  the  terminal  dump  of  the  medial  moraine.  There 
appeared  to  be  much  ice  beneath  this  accumulated  debris.  It 
was  obvious  that  both  it  and  the  extremity  of  the  East  Branch 
glacier  had  become  essentially  stationary.  The  more  active 
Bowdoin  glacier  (or  the  Obelisk  glacier,  for  the  two  are  con- 
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tinuous)  had  forced  itself  over  the  edge  of  this  debris.  The 
result  was  the  bending  upwards  of  the  edges  of  the  layers  of  the 
Bowdoin  glacier.  Accompanying  this  there  was  a  phenomenon 
which  seemed  at  the  time  to  be  a  clear  and  unequivocal  expres- 
sion of  the  shearing  of  these  layers  over  each  other,  due  to  the 
resistance  of  the  morainic  material.  Subsequent  studies,  as  else- 
where remarked,  led  to  some  skepticism  as  to  the  validity  of 
this  interpretation.  This  point  was  not  visited  after  the  skep- 
tical spirit  arose,  and  hence  I  am  only  able  to  reproduce  the 
obsei"vations  and  interpretations  as  they  impressed  themselves 
at  the  time.  On  the  nearly  vertical  face  of  the  glacier  where  it 
was  most  strained  in  being  thrust  over  the  morainic  mass,  there 
were  as  many  as  nine  distinct  projections  of  upper  layers  over 
under  layers.  The  over-projection  was  sharp  and  definite  and 
at  once  attracted  the  notice  of  my  companion,  Mr.  E.  B.  Bald- 
win, who  called  my  attention  to  it.  The  ground  for  skepticism 
regarding  the  interpretation  of  phenomena  of  this  class  is  the 
presence  of  debris  bands  which  may  give  rise  to  differential 
melting.  There  is  no  question  that  projections  of  a  kind  much 
like  those  here  observed  are  due  to  such  unequal  melting.  It 
seems  to  be  demonstrable  also  that  overthrust  shearing  takes 
place  in  this  way.  Each  case  must  therefore  be  judged  by 
itself.  The  limited  amount  of  debris  in  this  glacier  encourages 
less  skepticism  regarding  overthrust  here  than  in  some  other 
cases.  My  notes  state  that  pebbles  and  bowlders  were  some- 
times lodged  between  these  layers  and  that  they  appeared  to 
have  been  pushed  along  the  face  of  the  layers  in  the  shearing 
process,  sometimes  making  grooves  in  the  ice.  Both  notes  and 
memory  imply  scantiness  of  debris  between  the  layers.  Unfor- 
tunately my  photographs  at  this  point  were  not  a  success.  The 
overjutting  of  the  layers  ranged  from  a  few  inches  to  eighteen 
inches.  They  were  most  pronounced  where  the  strain  resulting 
from  the  obstruction  would  naturally  be  greatest  and  they  died 
away  in  either  direction.  At  another  point  somewhat  farther 
on  the  phenomenon  was  repeated,  but  here  there  were  but  five 
chief  planes  of  displacement  in  the  vertical  section.     The  maxi- 
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mum  displacement  of  two  adjacent  laj'ers,  however,  exceeded 
two  feet.  The  adjacent  faces  appeared  to  be  very  distinctly 
fluted  by  the  movement.  Skepticism  with  reference  to  the 
interpretation  of   the  fluting    was    subsequently    raised    on   the 
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ground  that  it  might  perhaps  be  due  to  unequal  melting  by 
water  trickling  down  the  face  of  the  ice,  but,  as  elsewhere  noted, 
in  one  instance  at  least,  the  debris  in  the  junction  plane  was  cor- 
rugated. It  was  noted  here  that  a  shearing  plane  was  offset; 
that  is,  the  shearing  plane  passed  from  the  contact  between  two 
given  planes  to  a  similar  contact  between  two  planes  below. 
The  offset  was  downward  and  to  the  right  or  up-stream  side. 
The  overthrust  was  about  six  inches  and  the  offsets,  two  of 
which  were  sketched,  about  eight  inches. 
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The  back  of  Bowdoin  glacier  is  marked  by  an  interesting 
medial  moraine  that  takes  its  rise  far  up  toward  its  junction  with 
the  main  ice-cap,  Fig.  68.  I  did  not  see  its  origin,  but  Lieu- 
tenant Peary  informed  me  that  it  came  to  the  surface  from 
beneath  the  ice  at  a  point  north  of  the  north  nunatak,  but  south 
of  the  descent  of  the  ice  from  the  main  plateau.  On  account  of 
this  he  could  not  be  certain  whether  it  was  derived  from  a 
nunatak  that  lies  still  farther  north  on  the  border  of  the  main 
plateau,  or  from  some  concealed  embossment.  Undoubtedly 
the  material  was  picked  up  from  a  prominence  on  or  near  the 
edge  of  the  plateau.  The  debris  is  so  thinly  spread  that  it 
catches  the  sunlight  and  by  conversion  and  conduction  makes 
its  heat  available  to  the  ice.  As  a  result  the  moraine  is  sunken 
ten  or  fifteen  feet  below  the  surrounding  surface.  In  breadth 
and  form  it  is  not  unlike  a  depressed  street  strewn  with  coarse 
debris.  On  one  side  of  it  a  stream  has  cut  a  notable  trench 
through  which  a  considerable  body  of  water  flowed  during  the 
warm  days  of  August.  Fig.  68  illustrates  the  moraine  and  its 
depressed  condition,  as  also  the  channel  on  the  west  side.  The 
latter  terminates  in  a  moulin  at  the  right-hand  lower  corner  of 
the  illustration.  The  moraine  is  also  illustrated  in  the  general 
transverse  view  of  the  glacier  shown  in  Fig.  64. 

T.  C.  Chamberlin. 
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IV.     THE    ROCCA    MONFINA    REGION. 


The  volcano  of  Rocca  Monfina,  was  long  celebrated  as  one 
of  the  classical  examples  brought  forward  in  favor  of  von  Buch's 
hypothesis  of  Craters  of  Elevation.  Its  historical  interest  is 
equaled  by  its  interest  from  a  petrological  point  of  view,  since, 
apart  from  the  character  of  the  rocks  of  which  it  is  built  up, 
their  order  of  succession  forms  an  exception  to  that  met  with 
elsewhere  among  the  Italian  volcanoes.  My  visit  to  the  locality 
was  extremely  brief  and  was  confined  to  a  trip  from  Teano  on 
the  eastern  border,  past  the  central  mass  of  Mte.  Sta.  Croce  to 
Conca,  with  one  or  two  short  excursions.  I  must  therefore  rely 
for  most  of  my  knowledge  of  the  volcano  on  the  work  of 
others —  a  resource  which  in  this  case  is  somewhat  meager. 

Rocca  Monfina  has  been  in  fact  one  of  the  most  neglected  of 
Italian  volcanoes.  The  early  works,  chief  among  which  are 
those  of  Abich'  (who  gives  views  and  a  map),  Daubeny^and 
Pilla  3  are  devoted  to  an  exposition  of  their  views  in  favor  of 
von  Buch's  theory  and  the  examination  of  the  volcano  from 
this  standpoint.  They  are  therefore  chiefly  of  historical  value, 
though  Abich  gives  some  descriptions  of  the  rocks.  Vom  Rath* 
devotes  a  few  pages  of  Part  IV  of  his  **  Italian  Fragments"  to  a 
description  and  analyses  of  two  of  the  rocks,  which  we  shall 
have  occasion  to  notice  later.  A  few  others  are  briefly  described 
by  J.  Roth,  5  and  Bucca's  descriptions  are  quoted  by  Rorenbusch. 
The  only  modern  writers  who  deal  at  all  fully  with  the  region 

*  Abich,  Vulk.  Krsch.  der  Erde.  Braunschweig,  1841. 
^Daubeny.  Volcanoes,  London,   1848.  174. 

'PiLi.A,  cf.  Neu.  Jahrb.  1845,  843,  and  references  in  Moderni. 

*  VoM  Rath,  Zeit.  d.  d.  geol.  Ges.  243, 1873. 

5  Roth,  Geologic,  II,  245,  275,  354. 
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arc  Bucca*  and  Modcrni.'  The  former  gives  petrographical  des- 
criptions of  the  rocks  collected  by  Moderni ;  and  the  latter 
describes  the  region  from  a  geological  point  of  view,  giving  a 
quite  detailed  geological  map  on  a  scale  of  1:100,000.  Deecke^ 
also  touches  upon  the  tuffs  of  the  region  in  an  article  on  the 
tuffs  of  Campania. 

Topography. —  The  volcano  of  Rocca  Monfina  lies  about  70 
kilometers  northwest  of  Naples,  west  of  the  main  railroad  line 
from  Naples  to  Rome.  In  the  center  is  the  trachy-andesitic 
dome  of  Mte.  Sta.  Croce,  1005  meters  above  sea  level,  with  the 
smaller  similar  dome  of  Mte.  Lattani  (847  meters)  adjoining  it 
to  the  northeast.  These  are  steep  well-wooded  hills,  made  up 
of  solid  masses  of  eruptive  rock,  with  no  tuffs  nor  signs  of 
separate  lava  flows.  At  the  eastern  foot  of  Mte.  Sta.  Croce  is 
the  small  town  of  Rocca  Monfina,  and  extending  around  the  two 
domes,  especially  to  the  east  and  south,  is  the  plain  of  the 
same  name.  This  plain  (from  500  to  650  meters  above  sea  level) 
is  bounded  by  the  remains  of  a  large  crater  ring,  which  is  almost 
circular  in  form  and  with  a  diameter  of  about  6  kilometers. 
At  the  west  and  south  the  ridge,  which  is  called  Mte.  Corti- 
nelli,  is  quite  high  and  sharp,  reaching  its  maximum  elevation 
on  the  west  at  Mte.  la  Frascara  (926  meters).  Its  inner  slope 
is  very  steep,  while  on  the  exterior  it  is  very  gentle,  between  6° 
and  lo"".  On  the  northeast  and  southeast  the  plain  is  bounded 
by  a  series  of  hills  which  become  less  high  as  they  are  farther 
from  the  center.  This  part  of  the  crater  ring  has  suffered 
much  from  erosion,  being  furrowed  by  many  deep  radiating 
ravines. 

In  regard  to  the  age  of  the  volcano  Moderni  says  that  little 
can  be  stated  positively,  except  that  at  various  places  volcanic 
material  is  seen  resting  on  Middle  Eocene  beds.  Deecke  notes 
the  superposition  of  Rocca  Monfina  tuffs  on  the  gray  Campanian 
tuffs.     It  is  probable  that  like  the  other  volcanoes  previously 

»  BuccA,  Boll.  Com.  Geol.  Ital.,  1886,  245. 
"MoDKRNi,  Boll.  Com.  Geol.  Ital.,  1887,  74. 
3Dekc'KE,  Neu.  Jahrb.  1893,  I,  62,  65. 
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described  the  eruptions  date  from  the  Pliocene.  The  date  of 
extinction  of  the  volcano  is  likewise  uncertain,  though  probably 
quite  recent.  Some  lead  objects  and  ancient  buildings,  with 
frescoes  have  been  found  beneath  the  tuffs,  and  the  date  269  B.C. 
has  been  proposed  for  this  period —  on  what  authority  I  am  unable 
to  state  as  Moderni's  reference  is  inaccessible  to  me.  Modcrni 
however,  taking  into  consideration  the  silence  of  the  ancient 
writers,  the  want  of  exact  data,  and  the  liability  of  objects  being 
buried  by  the  easily  transported  tuff,  rejects  this  view  and  leaves 
the  question  an  open  one.'  The  hot  springs  of  Sujo  ^  are  the 
last  symptoms  of  volcanic  activity  manifest  at  the  present  day. 

Petrography, —  Moderni  recognizes  three  phases  of  activity  in 
the  volcano,  distinguished  by  different  products  of  eruption:  (i) 
the  leucitic,  the  oldest,  which  is  subdivided  into  two  sub-phases 
characterized  by  Icucitites  and  leucite-tephrites;  (2)  the  trachytic; 
(3)  the  basaltic,  which  is  the  youngest.  As  my  own  observa- 
tions were  not  extended  enough  to  enable  me  to  judge  of  this 
point  for  myself  I  shall  accept  Moderni's  views.  The  volcano  is 
thus  seen  to  form  a  notable  exception  to  most  of  the  composite 
volcanoes  of  Italy —  the  order  of  succession  of  the  leucitic  and 
non-leucitic  rocks  being  reversed.  Before  entering  on  the  petro- 
graphical  descriptions  it  will  be  as  well  to  give  a  brief  resume  of 
Moderni's  work. 

While  it  is  difficult  to  unravel  certain  portions  of  the  history 
of  the  volcano  one  fact  is  certain,  that  the  first  lava  erupted  was 
leucitite.  This  is  shown  by  the  fact  that  it  is  found  beneath  all 
the  others.  The  flows  of  this  rock  arc  the  greatest  in  amount  of 
any  of  those  of  the  region.  They  form  a  large  part  of  the  ridge 
of  Mte.  Cortinelli,  with  flows  at  many  points  elsewhere  round  the 
crater  ring  which  it  is  unnecessary  to  enumerate  here.  There  are 
certain  eruptive  centers  on  the  flanks  of  the  volcano  which  gave 
vent  to  this  type  of  rock,  but  the  vast  flows  of  the  western  half 
seem  to  have  been  poured  out  of  the  central  crater.     Lying  above 

*  This  is  also  the  conclusion  to  which  Daubeny  comes  in  the  second  edition  of  his 
Volcanoes,  London,  1848,  p.  178. 

'Johnston-Lavis,  South  Italian  Volcanoes,  Naples,  1891,  73. 
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the  leucitites,  and  covering  almost  all  the  western  part  of  the 
cone,  are  leucite-tephrites,  whose  amount,  while  great,  is  not 
equal  to  that  of  the  leucitite.  These  also  appear  as  small  flows 
in  the  northern  and  eastern  parts.  Belonging  to  this  period  are 
certain  tuffs,  the  most  extensive  of  these  being  a  gray  lithoidal 
tuff  which  covers  the  flanks  and  extends  for  a  great  distance  to 
the  north,  east,  and  south  of  the  volcano.  Moderni  estimates 
that  the  volcano  at  the  close  of  this  period  had  an  altitude  of 
nearly  3000  meters. 

The  second  or  trachytic  phase  was  inaugurated  by  the  blow- 
ing out  of  the  large  central  cavity,  which  involved  the  destruc- 
tion of  the  greater  part  of  the  northern  and  eastern  wall.  It 
was  during  the  first  part  of  this  phase  that  the  double  dome  of 
Mti.  Sta.  Croce  and  Lattani  was  formed.  These  form,  as  already 
observed,  a  homogeneous  compact  mass,  and  are  a  good  example 
of  a  ''domal"  eruption  of  a  pasty  magma  which  was  not  suf- 
ficiently fluid  to  flow  to  any  great  distance.  The  material  of 
this  eruption  was  of  a  trachy-andesite  approaching  the  vulsinites 
already  described,  while  the  other  eruptions  of  this  period  were 
of  a  more  acid  and  more  nearly  trachytic  rock  and  were  all  flank- 
eruptions.  While  stating  that  it  is  impossible  to  decide  definitely 
whether  the  central  domal  or  the  flank  eruption  took  place  first, 
Moderni  thinks  it  more  probable  that  the  former  was  the  earlier. 
He  bases  this  conclusion  on  the  ground  that  the  large  domal 
eruption  choked  up  the  main  central  vent,  so  that  any  further 
ejection  of  volcanic  material  had  to  take  place  through  the  flanks 
of  the  volcano.  It  is  needless  to  mention  in  detail  the  various 
trachytic  flows,  which  moreover  are  not  nearly  as  large  in  amount 
as  the  flows  of  the  first  phase.  With  the  trachyte  there  was  also 
erupted  a  small  quantity  of  leucitic  rock.  Several  areas  of  tra- 
chytic tuffs  also  belong  to  this  phase. 

The  third  and  last  phase  of  activity  was  characterized  by  the 
eruption  of  basaltic  rocks  in  which  leucite  is  entirely  wanting. 
These  eruptions  were  of  small  amount,  the  quantity  of  basalt 
being  even  less  than  that  of  the  trachytes.  They  formed  a  num- 
ber of  small   parasitic  cones,  the  lava  poured  out   being  often 
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scoriaccous.  Most  of  these  small  cones  were  formed  on  the 
outer  flanks  of  the  volcano,  but  three  are  found  in  the  interior, 
one  being  in  the  valley  of  Pratolungo  between  Mte.  Sta.  Croce 
and  Mte.  Lattani.  The  tuffs  belonging  to  this  phase  are  few  and 
of  small  amount.  That  the  eruption  of  the  **  basalts  "  was  posterior 
to  those  of  the  leucitites  and  trachytes  is  made  evident  by  sev- 
eral facts.  The  small  cones  formed  by  them  are  the  best  pre- 
served of  all,  in  many  cases  quite  intact  and  covered  with  lapilli 
and  bombs  and  with  their  lava  flows  quite  bare.  At  Sipicciano 
on  the  northwest  flank  of  Mte.  Cortinelli  a  basaltic  flow  covers 
the  leucitites  and  leucite-tephrites ;  while  in  the  central  eruption 
at  Pratolungo  the  flow  of  ** basalt"  is  seen  to  be  superposed  on 
the  trachy-andesite  of  Mte.  Lattani. 

Lcucitite. — This  is  represented  by  only  one  specimen  in  my 
collection,  from  a  flow  below  Preta,  on  the  outer  northern  side  of 
the  volcano.  This  shows  a  very  compact,  fine  grained,  dark  gray 
groundmass,  through  which  are  scattered  many  small  but  quite 
glassy  leucites,  with  rare  specks  of  augite.  In  thin  sections  these 
large  leucites  are  seen  to  be  perfectly  clear,  and  they  show  very 
weak  double  refraction  for  such  large  fresh  crystals.  Over  the 
greater  part  of  their  area  they  carry  almost  no  inclusions,  but  at 
the  edge  of  almost  all  is  a  very  narrow  peripheral  line  of  small 
augite  microlites,  which  in  turn  is  surrounded  by  a  narrow  mantle 
of  leucite.  This  shades  into  the  groundmass,  and  is  quite  anal- 
ogous to  the  alkali  feldspar  mantles  so  frequently  noticed  in  the 
preceding  papers.  Apart  from  the  leucites  only  rare  light  green 
augite  phenocrysts  arc  seen,  which  also  carry  no  inclusions. 

The  groundmass  is  fine  grained  and  composed  essentially  of 
small  leucites  with  interestitial  greenish  gray  augite  prisms  and 
anhedra  and  a  little  magnetite.  These  small  crystals  are  imbed- 
ded in  a  colorless  isotropic  substance.  It  is  possible  that  this  is 
glass,  but,  judging  from  the  leucitic  mantles  around  the  leucite 
phenocrysts  and  from  the  fact  that  there  is  no  difference  in 
refractive  index  between  this  base  and  the  small  leucites,  it  seems 
probable  that  it  is  leucite.  It  would  thus  correspond  to  the  nephe- 
line  base  of  certain  phonolites  and  other  nepheline  rocks,  such 
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as  have  been  noticed  previously.  A  very  few  flakes  of  alkali 
feldspar  are  also  met  with. 

Leucite-tephrite . — One  specimen  of  this  rock  was  collected  at 
Mte.  San.  Antonio  (707  meters  high),  which  forms  one  of  the 
girdle  of  hills  around  the  plain  and  lies  due  north  of  Mte.  Lat- 
tani.  The  rock  shows  a  fine  grained  gray  groundmass  in  which, 
with  the  exception  of  very  rare  augites,  the  only  phenocrysts 
visible  are  leucites.  These  are  extremely  abundant,  making  up 
a  large  portion  of  the  rock.  They  are  apparently  fresh,  with  a 
waxy  luster ;  the  smaller  ones  pale  gray,  while  the  larger  show  a 
core  of  dark  gray  and  an  outer  shell  of  light  gray.  This  rock  is 
extremely  tough.  In  thin  sections  the  large  leucites  are  very 
prominent.  They  are  clear  and  show  strong  double  refraction. 
Inclusions  are  abundant,  of  small  crystals  of  anorthite  and  green 
augite.  They  include  also  many  small  slender  needles  of  diop- 
side,  minute  grains  of  magnetite  and  spots  of  glass,  which  are 
very  commonly  clustered  toward  the  center  of  the  crystal,  thus 
accounting  for  the  dark  gray  cores.  Beside  the  leucites  only  one 
or  two  dark  green  augite  phenocrysts  were  seen  in  the  slides.  The 
groundmass  is  composed  largely  of  irregularly  shaped  greenish 
yellow  augite  grains,  a  few  small  leucites,  considerable  magnetite, 
many  small  crystals  of  a  plagioclase  which  is  shown  by  its 
extinction  angles  to  be  anorthite,  and  some  small  flakes  and  laths 
of  alkali  feldspar.     A  little  residual  glass  is  also  present. 

A  peculiar  leucite-tephrite  is  that,  from  what  appeared  to  be 
a  small  flow  on  the  road  to  Conca,  below  Orchi.  It  is  very  dark 
gray  and  fine  grained,  but  rather  rough  in  texture.  A  few  pheno- 
crysts of  augite  and  leucite  are  visible.  Under  the  microscope 
it  shows  the  doleritic  structure  which  is  so  common  to  the  Italian 
leucite-tephrites.  None  of  the  phenocrysts  were  met  with  in  the 
single  section  which  was  made  of  this  rock.  In  the  groundmass 
stout  columnar,  pale  green  augites  are  very  abundant,  the  largest 
showing  cores  of  darker  green ;  while  these  are  clear  and  contain 
few  inclusions  (of  magnetite  and  glass),  their  outlines  are  very 
irregular,  most  of  the  prisms  showing  deep  embayments  due  to 
corrosion.      A  little    brown  barkevikitic  amphibole  and  a  few 
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flakes  of  brown  biotite  are  also  present.  There  are  also  numer- 
ous grains  of  magnetite  and  a  few  apatite  needles. 

Leucite  is  present  in  abundance,  but  shows  an  unusual  habit. 
While  often  in  the  form  of  small,  rounded  or  trapezohedral  crys- 
tals, it  generally  occurs  in  irregularly  shaped  masses,  occasionally 
showing  crystal  planes  here  and  there,  or  with  small,  definitely 
shaped  crystals  attached  to  the  larger  mass.  These  leucites  are 
extremely  clear,  and  show  a  remarkably  faint  double  refraction. 
Indeed  so  faint  is  the  action  of  these  leucites  on  polarized  light, 
that  in  most  of  the  crystals  recourse  must  be  had  to  the  quartz 
wedge  before  any  such  action  can  be  perceived,  a  proceeding  not 
often  necessary  in  the  Italian  leucitic  rocks. 

Later  than  the  leucites,  and  often  enclosing  them  micropoi- 
kilitically,'  are  flakes  and  large  patches  of  a  plagioclase  with 
generally  well  developed  twinning  lamellae,  whose  high  sym- 
metrical extinction  angles  refer  it  to  anorthite.  There  are 
also  some  patches  of  a  feldspar,  which,  though  not  showing  any 
signs  of  twinning,  may  also  be  referred  to  anorthite  on  the  ground 
of  the  equality  of  its  refraction  with  that  of  the  striated  anorthite. 
There  is  also  considerable  colorless  base,  which,  while  in  general 
isotropic,  shows  in  places  a  very  faint  double  refraction.  Since 
treatment  of  the  powdered  rock  with  acids  produces  abundant 
gelatinous  silica,  this  base  may  be  regarded  as  nepheline,  or 
at  least  as  a  glass  corresponding  to  nepheline  in  chemical  com- 
position. An  analysis  of  this  rock  made  for  me  by  Dr.  A.  Roling 
of  Leipzig  is  here  inserted : 


Si02 

47.40 

A1203 

19.84 

FeaOa 

2.72 

FeO 

4.40 

MgO 

4.23 

CaO 

9.88 

NazO 

2.93 

K2O 

5.91 

H2O 

1.66 

Ti02 

0.30 

99.27 

'  The  marked  difference  in  refractive  indices  between  the  leucite  and  anorthite 
serve  to  bring  the  structure  out  very  nicely  in  ordinary  light,  while  the   dark   spots  of 
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A  leucite-tephrite  from  Mte.  San  Antonio  is  described  by 
vom  Rath/  which  seems  to  be  more  like  the  Conca  tephrite  than 
the  other  just  described.  Megascopically  only  few  phenocrysts 
of  augite,  leucite  and  feldspar  are  visible,  while  under  the  micro- 
scope the  groundmass  resembles  that  of  many  leucitites  already 
described.  Sanidine  phenocrysts  are  few,  but  smaller  ones  of 
plagioclose  are  abundant.     Vom  Rath's  analysis  is  inserted  here  : 


SiO^ 

58.48 

AI2O3 

19.56 

FeO 

4.99 

MgO 

0.53 

CaO 

2.60 

NajO 

3-U 

K2O 

10.47 

H2O 

0.24 

100.01 


Leucite 'trachyte, — The  occurrences  of  this  rock  which  I 
observed  seemed  to  belong  to  the  second  (trachytic)  phase  of 
the  volcano,  though  on  this  point  I  cannot  speak  with  certainty. 
My  specimens  may  be  referred  to  two  different  varieties,  an 
augitic  and  a  biotitic.  To  the  former  belongs  the  rock  of  a  well 
marked  flow  at  Acqua  Rotta,  about  a  kilometer  and  a  half  north- 
west of  Teano.  The  groundmass  of  this  is  very  compact  and 
fine  grained,  and  of  a  dark  gray  color.  Leucite  phenocrysts  are 
not  abundant,  but  many  small  black  augites  and  a  few  flakes  of 
biotite  are  visible.  Under  the  microscope  a  few  large  leucite 
sections  met  with  are  clear,  with  quite  strong  double  refraction, 
and  show  few  inclusions.  The  pale  green  augite  phenocrysts  are 
clear,  carry  inclusions  of  magnetite,  especially  toward  the  edges, 
and  generally  show  corroded  outlines.  The  biotites  present  are 
all  altered  to  an  almost  opaque,  finely  granular  mass  of  augite 
and  magnetite,  generally  to  such  an  extent  that  but  little  of  the 
original  mineral  remains.  The  groundmass  resembles  that  of 
many  leucitites,  being  composed  largely  of  small  round  leucites, 

leucite  show  out  with  striking  clearness  against  the  background  of  bright  anorthite 
between  crossed  nicols. 

*  V^OM  Rath,  op.  cit.  243. 
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with  interstitial  prisms  of  green  augite,  many  magnetite  grains, 
and  flakes  and  laths  of  alkali  feldspar.  Some  larger  crystals  of 
anorthite  are  also  seen.     No  glass  seems  to  be  present. 

To  the  biotite-leucite-trachytes  belong  specimens  from  Tuoro 
west  of  Acqua  Rotta,  and  from  below  Orchi  on  the  northern 
flank  of  the  volcano.  Their  groundmass  is  lighter  gray  than  that 
of  the  preceding,  small  leucite  and  augite  phenocrysts  are  not 
very  common,  but  there  is  an  abundance  of  flakes  of  biotite  of 
a  dark  brown  color  and  bronzy  luster.  In  thin  section  they  very 
much  resemble  the  preceding.  Augite  phenocrysts  are,  however, 
rare,  their  place  being  taken  by  biotite.  In  the  rock  from  Tuoro 
its  color  is  of  a  deep  orange  red,  while  in  that  from  Orchi  it  is 
much  paler.  It  is  much  altered  at  the  edges  to  the  usual  fine 
grained  aggregate.  In  the  groundmass  of  the  former  the  alkali 
feldspar  is  in  the  form  of  laths,  in  the  latter  it  is  rather  in  the 
form  of  flakes  and  interstitial  cement.  Some  basic  plagioclase 
is  present,  but  in  small  amount. 

A  rock  which  occupies  a  position  between  the  above  and  the 
following  group  is  represented  by  a  specimen  also  from  below 
Orchi.  Megascopically  this  closely  resembles  the  other,  the 
only  important  difference  being  that  here  leucite  phenocrysts 
are  entirely  wanting,  and  replaced  by  glassy  sanidines.  There 
is  also  considerable  augite  along  with  the  biotite.  The  rock  in 
thin  section  resembles  more  one  of  the  vulsinites  to  be  described 
presently  than  a  leucite-trachyte.  The  sanidine  phenocrysts  are 
rarely  met  with.  Large  greenish  gray  augites  are  not  uncommon, 
which  carry  inclusions  of  brown  glass  and  magnetite  and  are 
somewhat  corroded.  The  biotites  are  all  profoundly  altered, 
usually  so  much  so  that  the  crystal  is  almost  completely  dis- 
integrated. The  groundmass  is  made  up  of  flakes  and  laths  of 
an  alkali  feldspar,  with  a  considerable  number  of  laths  and  basic 
plagioclase  which  are  usually  surrounded  by  mantles  of  orienta- 
ted alkali  feldspar.  Small  grayish  green  irregularly  shaped 
and  corroded  augite  crystals  with  magnetite  grains  are  common. 
There  are  also  present  many  small  round  spots  of  leucite,  recog- 
nized by  their  characteristic   inclusions   and  by  their  analogies 
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with  other  occurrences.  A  scanty  glassy  base  is  also  present. 
No  nepheline  was  detected  in  any  of  the  above  rocks. 

Biotite-vulsinite, — In  the  descriptions  of  the  volcanic  centers 
which  form  the  subject  of  the  preceding  papers  we  have  had 
occasion  to  examine  certain  members  of  a  group  of  effusive  rocks 
which,  both  chemically  and  mineralogically,  stand  in  a  position 
intermediate  between  the  trachytes  and  the  andesites.  The 
Rocca  Monfina  region  resembles  the  others  in  furnishing — and 
very  prominently  —  members  of  this  group.  We  find  here  in  fact 
effusive  rocks  showing  the  mineral  combination  of  alkali  feld- 
spar and  basic  plagioclase,  which  approximate  closely  to  the 
ciminite  of  the  Viterbo  region  in  chemical  composition.  Miner- 
alogically, however,  they  come  closer  to  vulsinite  of  Lake  Bol- 
sena,  no  olivine  being  present,  but  augite  and  especially  biotitc 
being  abundant  representatives  of  the  ferromagnesian  minerals. 
So  much  indeed  do  they  resemble  vulsinite  that  they  were  con- 
sidered at  first  to  belong  to  this  group,  forming  a  species  which 
would  be  called  a  biotite-vulsinite,  as  was  briefly  noticed  in  the 
paper  on  the  Bolsena  Region.'  A  chemical  analysis,  however, 
which  I  completed  after  the  printing  of  that  article  and  which 
will  be  found  on  page  252,  shows  that  this  determination  is  not 
quite  correct.  It  will  be  seen  that  the  silica  is  notably  lower 
than  in  the  vulsinites,  and  furthermore  that  lime,  magnesia  and 
iron  are  very  much  higher,  while  the  alkalies  are  considerably 
lower.  Comparison  with  the  analysis  of  the  Viterbo  ciminite 
(which  is  inserted  for  convenience)  will  show  that  the  trio  are 
chemically  almost  identical.  We  have  then  a  rock  which  is  chem- 
ically a  ciminite  and  mineralogically,  a  biotite-vulsinite. 

In  regard  to  the  name  by  which  they  should  be  called  there 
may  be  some  doubt.  From  a  mineralogical  standpoint  they 
are  obviously  not  ciminite,  nor  chemically  can  they  strictly  be 
called  vulsinite.  Since,  however,  in  the  schemes  of  classifica- 
tion in  general  use  at  the  present  time,  the  mineralogical  com- 
position takes  precedence  over  the  chemical,  and  bearing  in 
mind  the  unadvisability  of  adding  new   names  to  the  already 

'Jour,  of  Geol.,  IV,  pp.  55'-553.  1896. 
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overburdened  nomenclature,  I  shall  designate  these  rocks  as 
biotitC'  vulsinite . 

The  most  important  occurrence  of  biotite-vulsinite  is  that  of 
Mti.  Sta.  Croce  and  Lattani,  which  are,  as  far  as  can  be  seen, 
entirely  formed  by  a  domal  eruption  of  the  rock  just  noted.  This 
was  called  **trachy-dolerite"  by  Abich,'  he  considering  it  a  link 
intermediate  between  trachyte  and  dolerite,  while  Pilla  and  von 
Rath  consider  it  a  trachyte.  Bucca  calls  it  an  augite-andesite, 
and  refers  the  greater  part,  if  not  all,  of  the  feldspar  to  plagio- 
clase.     Otherwise  his  description  agrees  closely  with  mine. 

The  Santa  Croce  rock  is  trachytic  in  appearance,  having  a 
fine  grained,  but  not  very  compact,  light  gray  groundmass  of 
a  slightly  reddish  tone.  Through  this  are  scattered  very  many 
small,  dark  brown  flakes  of  biotite,  some  small  augites,  and  a  few 
small  feldspars.  The  groundmass  of  the  Mte.  Lattani  rock  is 
rather  darker  and  of  a  bluish  gray  color,  more  compact,  biotite 
flakes  are  less  abundant,  and  feldspars  more  common.  My 
specimen  of  this  latter  is  not  (juite  fresh.  In  thin  section  the 
feldspar  phenocrysts  are  quite  common.  They  consist  of  an 
alkali  feldspar,  apparently  a  soda-orthoclase,  and  a  larger  num- 
ber of  plagioclase,  which  is  shown  by  its  extinction  angles  to 
have  the  composition  Ab^Ang.  These  are  well  shaped,  but  con- 
tain many  inclusions  of  glass  with  small  opaque  grains  and  aug- 
ite  microlites.  The  biotites  are  of  a  greenish  brown  color,  quite 
fresh  in  the  interior,  but  surrounded  by  a  thin  alteration  border 
of  fine  augite  and  magnetite  grains.  The  large,  irregularly 
shaped  augites  are  pale  green.  The  groundmass  is  trachytic  in 
character  and  shows  well-marked  flow  structure.  There  is  an 
abundance  of  small  laths,  chiefly  of  alkali  feldspar,  with  some  of 
|)lagioclase.  Magnetite  grains  and  small  diopside  microlites  are 
present  in  abundance,  and  there  is  a  residue  base  of  alkali  feld- 
spar. 

The  rock  of  Mte.  Lattani  closely  resembles  the  above,  though 
there  are  certain  differences,  the  rather  more  abundant  feldspar- 
phenocrysts  are  identical,  as  is  also  the  augite.    The  biotites  are, 

»  Abich,  Vulk.  Ersch.,  Bninswich,  1841,  100. 
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however,  all  completely,  or  almost  completely,  altered,  the  prod- 
uct being  rather  coarsely  granular.  The  grains  are  ver}-  slightly 
coherent  with  one  another,  and  show  in  a  very  striking  way  the 
distribution  of  such  augite  and  magnetite  grains  through  the 
groundmass  of  certain  rocks,  as  has  been  already  pointed  out.' 
The  groundmass  is  holocrystalline,  and  composed  largely  of 
flakes  of  alkali  feldspar,  with  few  laths.  The  augite  and  mag- 
netite grains  resulting  from  the  disintegration  of  the  biotite  are 
very  abundant.  Bucca  refers  this  Mte.  Lattani  rock  to  the 
trachytes,  though,  as  will  presently  be  seen,  he  is  struck  by 
their  andeistic  character. 

An  analysis  of  the  rock  of  Mte.  Santa  Croce  (I)  made  by 
myself  is  given  below,  II  being  an  analysis  of  the  same  occur- 
rence by  vom  Rath,*  and  III  being  an  analysis  of  the  ciminite  of 
Fontcnu  Fiesole,  near  Viterbo,^  inserted  for  convenient  com- 
parison. 

Abich  (p.  114)  gives  the  silica  percentage  as  57.41  and  the 
specific  gravity  as  2.79. 
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Belonging  to  the  same  group  is  a  specimen   from  a  flow  met 
with  in  the  valley  east  of  Casi,  to  the  west  of  Teano.     This  is  a 

'  Cf.  Jour,  of  Geol..  IV,  270,  i8q6. 

=  VoM  Rath.  Zeit.  d.  d.  geol.  Ges.,  XXV,  245.  1873. 

Ml.  S.  \Vanhini;ton,  Jour,  ok  Gkol..  IV,  -    -.  iSgO. 
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medium  gray  compact  rock  showing  small  biotite,  augite,  and 
feldspar  phenocrysts.  In  thin  sections  the  phenocrysts  of  alkali 
feldspar  and  basic  plagioclase  are  present  in  about  equal  amounts. 
They  contain  many  glass  inclusions.  The  biotite  phenocrysts 
are  all  deeply  altered,  and  a  few  large  augites  met  with  show  no 
noteworthy  features.  The  groundmass  is  trachytic  and  com- 
posed of  flakes  and  laths  of  alkali  feldspar,  with  laths  of  plagio- 
clase, diopside  needles,  and  magnetite  grains.  There  is  little  or 
no  glass  present. 

Rocks  which  represent  transitional  forms  between  the  above 
and  true  trachytes  are  found  in  specimens  from  the  ravine  at 
Molino  di  Casa  Fredda,  from  a  flow  northwest  of  Tuoro,  near 
Teano,  and  from  a  loose  block  in  the  valley  of  Casi.  They 
resemble  the  rocks  already  described,  but  plagioclase  is  much 
less  abundant,  and  in  some  almost  entirely  wanting.  The 
groundmass  of  the  Casi  rock  is  much  darker  and  finer  grained 
than  in  the  other  cases ;  feldspar  phenocrysts  are  abundant,  but 
few  of  ferromagnesian  minerals  are  seen.  Some  good  examples 
of  microperthite  seen  in  it  indicate  that  the  alkali  feldspar  con- 
tains considerable  soda.  In  the  specimen  from  Tuoro  a  note- 
worthy feature  is  the  presence  in  one  slide  of  a  single,  large, 
well-shaped  crystal  of  colorless  diallage,  showing  its  character- 
istic dusty  inclusions  and  parting  parallel  to  the  orthopinacoid 
These,  as  well  as  other  rocks  similar  to  these,  are  all  described 
by  Hucca  under  the  head  of  trachytes,  his  descriptions  agreeing 
very  closely  with  the  characters  of  my  specimens.  He  closes, 
however,  with  the  significant  remark  (p.  257)  that  they 
"approach  so  closely  to  the  andesites  that  I  was  tempted  sev- 
eral times  to  refer  them  to  these." 

Trachyte.  —  A  rock  from  a  small  quarry  on  the  road  to 
Conca,  on  the  northern  outer  flank  of  the  volcano,  belongs  to 
the  trachytes  proper  rather  than  the  vulsinites.  It  is  the  same 
as  a  rock  described  by  Bucca  (p.  255),  whose  description  agrees 
very  well  with  the  characters  of  my  specimens.  The  main  mass 
of  the  rock  is  compact  and  light  gray,  showing  few  phenocrysts 
of  augite  and  feldspar.     Scattered    through    this    are  rounded 
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black  masses,  which  often  attain  diameters  of  five  centimeters. 
These  are  coarsely  crystalline  and  not  very  compact,  with 
miarolitic  and  vesicular  cavities.  Under  the  microscope  the 
only  phenocrysts  visible  are  of  pyroxene.  These  are  usually  well 
formed,  but  occasionally  quite  fragmentary.  The  interior  con- 
sists of  a  colorless  diopside,  which  is  uniformly  surrounded  by  a 
rather  narrow  border  of  yellowish  green  non-pleochroic  augite. 
The  substance  of  this  border  corresponds  exactly  with  that  of 
the  small  groundmass  augites,  so  that  it  is  due  to  the  same  late 
period  of  growth  to  which  they  belong.  The  large  augites  are 
hence  a  good  instance  of  the  growth  and  enlargement  of  crystals 
brought  up  from  below  by  the  late  accretion  of  isomorphous  sub- 
stance of  somewhat  different  composition.  Apart  from  the  not 
very  abundant  small  augites  and  magnetites,  the  groundmass  is 
made  up  of  feldspar  and  some  residual  glass.  The  feldspar  forms 
laths  with  somewhat  ragged  edges,  and  they,  with  the  augites, 
show  well-marked  flow  structure.  The  greater  part  of  these 
laths  are  of  orthoclase,  or  at  least  an  alkali  feldspar ;  only  very 
few  showing  twinning  striations  and  extinctions  which  would 
refer  them  to  plagioclase.  No  suitable  sections  of  these  latter 
were  found  by  which  their  approximate  composition  could  be 
determined,  though  I  am  inclined  to  think  that  they  belong  to 
the  middle  of  the  plagioclase  series  rather  than  to  the  basic 
end.  The  powdered  rock,  on  treatment  with  acids,  furnishes 
abundant  gelatinous  silica,  which  probably  comes  from  the  glass 
base.  The  dark  spots  referred  to  above  are  seen  under  the 
microscope  to  be  holocrystalline,  and  composed  of  a  few  large 
diopsides  with  augite  borders  and  very  many  smaller  prismatic 
augites  lying  in  a  cement  of  orthoclase  or  alkali  feldspar.  The 
line  of  junction  with  the  surrounding  rock  is  quite  sharp.  They 
are  true  segregations  and  are  to  be  classed  with  the  enclaves 
homcBogenes  of  Lacroix.' 

Bucca  also  mentions  briefly  the  rock  of  Mte.  Ofelio,  near 
Sessa,  on  the  southwest  flank  of  the  volcano,  as  a  true  trachyte. 
It  seems  to  be  much  decomposed. 

'  Lacroix,  Enclaves  des  Roches,  Macon,  1893,  8. 
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Basalt. —  Of  the  rocks  of  this  class  described  by  Moderniand 
Bucca,  I  was  unfortunately  unable  to  obtain  specimens.  This  is 
the  more  to  be  regretted,  inasmuch  as  the  feldspar  basalts  are 
only  sparingly  represented  along  the  main  line  of  Italian  volca- 
noes, and  at  Rocco  Monfina  they  are,  according  to  Moderni,  the 
last  product  of  volcanic  activity.  Bucca  describes  a  number  of 
them,  and  his  observations  may  be  summarized  here  so  as  to 
complete  as  far  as  is  possible,  the  petrographical  description  of 
the  region. 

The  basalts  of  the  region  are  apparently  quite  feldspathic,  and 
are  quite  free  from  leucite  or  nepheline.  In  the  majority  of  cases 
they  are  olivine-bearing,  this  mineral  being  generally  phenocrystic, 
and  seldom  forming  part  of  the  groundmass.  It  is  usually  some- 
what altered,  especially  on  the  borders,  to  a  dark  red  substance. 
A  few  specimens  are  free  from  olivine  and  approach  the  augitc- 
andesites,  but  are  classed  by  Bucca  with  the  basalts  on  account 
of  their  basic  character.  These  last  are  of  a  light  gray  color, 
while  the  olivine  basalts  are*  dark.  Augite  is  abundant,  of  a 
slightly  bluish  green,  and  not  pleochroic.  In  two  specimens  a 
dark  reddish  brown  biotite  is  present,  which  is  for  the  most  part 
largely  altered  to  the  usual  augite-magnctite  aggregate.  The 
plane  of  the  optic  axes  is  perpendicular  to  the  plane  of  sym- 
metry. Feldspar  which  is  referred  to  plagioclase  rarely  appears 
as  phenocrysts,  but  is  abundant  as  laths  in  the  groundmass.  Its 
optical  characters  are  not  noted,  so  that  we  are  unable  to  judge 
of  its  place  in  the  series.  Small  magnetite  grains  are  abundant 
and  a  colorless  glass  base  is  usually  present. 

Although  Bucca  constantly  refers  to  the  feldspar  as  plagio- 
clase, yet  he  does  not  mention  twinning  lamellae,  and  indeed 
treats  it  in  a  rather  cursory  way.  Certain  facts,  indeed,  incline 
me  to  the  belief  that  there  is  some,  if  not  quite  a  good  deal, 
of  orthoclase  in  the  rock.  In  the  first  place  all  the  rocks  which 
I  have  examined  from  this  and  the  other  volcanic  centers  are 
eminently  rich  in  potash,  even  the  phonolite  of  Viterbo  con- 
taining 9.14  per  cent,  of  it.  It  would  then  be  quite  anomalous 
to  find  here  such  a  rock  as  a  normal  basalt  containing  a  mini- 
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mum  amount  of  this  alkali.  If  the  feldspar  is  all  plagioclasc. 
as  Bucca's  description  would  indicate,  there  would  be  no  min- 
eral capable  of  taking  up  any  notable  amount  of  potash,  as  its 
percentage  in  biotite  is  never  over  10.,  and  the  amount  of  this 
mineral  in  these  rocks  is  small. 

Furthermore  we  find  at  Radicofani,  which  is  on  the  same 
main  line,  '* basalts'*  containing  very  considerable  orthoclase 
along  with  the  plagioclase,  and  showing  in  one  instance:  SiO^ 
=  55.13  ;  KoO  =  2. 43,  and  Na20  =  2.07.  Again  Abich  (^/.  cit. 
page  114)  gives  the  silica  percentage  of  the  ** basalt"  from  the 
foot  of  Santa  Croce  as  54.62,  and  classes  it  as  a  trachy-dolerite. 
though  a  rather  basic  one  resembling  the  dolerites,  while  the 
rock  of  Monte  Santa  Croce  is  more  acid  and  like  the  trachytes. 
It  seems  then  very  probable  that  these  *•  basalts"  of  Rocca  Mon- 
fina  are  in  reality  not  normal  plagioclase  basalts,  but  rather 
approach  the  ciminites  in  composition  both  mineralogically  and 
chemically.  Henry  S.  Washington. 


ARE   THE    BOWLDER  CLAYS     OF   THE    GREAT 

PLAINS    MARINE? 

Several  trains  of  evidence  show  that  the  western  plains,  as 
well  as  the  Cordilleran  region,  have  been  affected  by  great 
changes  in  elevation  relatively  to  the  sea  level  and  to  that  of  the 
eastern  parts  of  the  continent  in  later  Tertiary  and  Pleistocene 
times.  Facts  bearing  upon  these  changes  have  been  detailed  by 
the  writer  in  previous  papers  and  more  particularly  in  those 
entitled  respectively  "Later  physiographical  geology  of  the 
Rocky  Mountain  region,"  and  **  Glacial  deposits  of  southwestern 
Alberta  in  the  vicinity  of  the  Rocky  Mountains."' 

The  observations  made  are  in  effect  such  as  to  lead  the  wri- 
ter to  believe  that  the  bowlder  clays  and  other  deposits  of  the 
glacial  period  covering  a  large  part,  at  least,  of  the  Great  Plains 
in  Canada,  are  glacio-natant  deposits,  not  directly  due  to  an  ice- 
sheet  and  not  calling  for  an  extension  of  glacier  ice  as  such  to 
this  part  of  the  continent.  He  has  further  ventured  to  suggest 
that  the  water  covering  the  western  plains  at  this  time  may  have 
been  at  the  level  of  that  of  the  sea  and  in  more  or  less  direct 
communication  with  it.  The  present  note  relates,  however,  to 
the  discovery  in  the  bowlder  clays  of  the  Great  Plains  of  marine 
organisms  which  appear  to  be  contemporaneous  with  their  deposi- 
tion, and  the  general  observations  above  alluded  to  need  only 
be  mentioned  in  introducing  the  subject. 

Some  time  ago  Mr.  T.  Mellard  Reade,  writing  in  comment 
on  the  paper  last  referred  to  above,  and  in  the  light  of  his  own 
investigations  and  those  of  Mr.  Joseph  Wright  on  the  bowlder 
clays  of  Great  Britian,^  suggested  that  a  search  should  be  made  for 

*  Trans.  Koval  Soc.  Can.,  Vol.  VIII,  Sec.  4  (1890).  Bull.  Geol.  Soc.  Am.,  Vol.  VII, 
(1895). 

*Cf.  Present  Aspects  of  Olacial  Geology,  T.  M.  Kkade,  Geol.  Mag.  (IV,) 
Vol.  Ill,  p.  542.  Bowlder  Clay  a  Marine  Deposit,  J.  WRIGHT,  Trans.  Geol.  Soc.  Glas- 
gow, Dec.  1894  and  May  1895. 
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micro-organisms  in  the  bowlder  clays  of  the  plains.  In  con- 
junction with  Mr.  B.  W.  Thomas,  I  had  some  years  ago  exam- 
ined several  of  these  clays  microscopically,  but,  as  pointed  out 
by  Mr.  Reade,  the  material  examined  in  this  case,  was,  in  con- 
sequence of  the  mode  of  preparation  adopted,  that  resulting 
from  the  elimination  of  all  lighter  particles  by  successive  decan- 
tations,  and  not  likely  to  include  any  foraminiferal  forms  still 
unfilled  with  mineral  matter,  which  as  a  rule  contain  sufficient 
air  to  float  to  the  surface  of  the  water  employed.  In  respect  to 
the  existence  of  forms  contemporaneous  with  the  deposit  of  the 
bowlder  clays,  the  results  arrived  at  by  me  were  scarcely  more  than 
negative,  but  foraminifera  evidently  derived  from  the  Cretaceous 
strata  of  the  region  were  found  in  some  of  the  clays  from  the 
Northwest.'  Mr.  Wright  having  very  kindly  offered  to  examine 
some  of  the  western  bowlder  clays  by  the  methods  found  appli- 
cable by  him  to  those  of  Great  Britian,  several  specimens  were 
collected  for  the  purpose  and  submitted  to  him.  The  results 
arrived  at  form  the  subject  of  this  note,  which  is,  however,  essen- 
tially of  a  preliminary  character,  and  is  intended  to  be  followed 
by  further  investigation  as  soon  as  it  may  be  possible  to  obtain 
additional  material. 

The  specimens  sent  to  Mr.  Wright  were  from  the  following 
places : 

Nos.  I  and  2.  Saskatchewan  River,  twelve  miles  below  Victoria,  col- 
lected by  Mr.  R.  G.  McConnell.  These  represent  a  bed  of  bowlder  clay 
about  fifty  feet  thick,  the  first  being  from  its  upper,  the  second  from  its  lower 
part.     Present  height  above  the  sea  level  about  1850  feet. 

No.  3.  Bowlder  clay  from  near  Victoria,  Saskatchewan  River,  one  and 
one-half  miles  up  Egg  Creek,  also  collected  by  Mr.  McConnell.  Height  about 
1900  feet. 

No.  4.  Bowlder  clay  from  Selkirk,  Red  River,  Manitoba.  Collected 
by  Mr.  J.  B.  Tyrrell.     Height  above  sea,  720  feet. 

To  these  specimens  from  the  West  was  added  one  collected 
by  Dr.   H.  M.  Ami,  at  Ottawa  (No.  5). 

It  is  not  certainly  known  whether  the  bowlder  clay  repre- 
sented by  the  first  three  specimens  is  the  'Mower"  or  "upper" 

«  Bull.  Chicago  Acad.  Sci.,  Vol.  l,No.  6  (1885). 
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bowlder  clay  elsewhere  recognized  in  the  western  part  of  the 
plains,'  but  it  is  probably  the  latter.  Microzoa  were  found  only 
in  the  three  samples  from  the  Saskatchewan  Valley.  In  giving 
the  results  of  his  examinations  Mr.  Wright  writes  as  follows : 

**In  the  clays  from  Victoria  (i,  2  and  3)  I  find  foraminifera 
(and  Radiolaria)  and  I  am  of  opinion  that  they  are  contempora- 
neous with  the  clay  and  not  derived  from  Cretaceous  strata — I 
judge  by  the  general  resemblance  of  the  foraminifera  to  those 
we  find  in  British  bowlder  clay.  The  foraminifers  in  the  Creta- 
ceous rocks  of  Canada  may  possibly  be  different  to  those  which 
occur  in  the  rocks  of  this  age  with  us  —  I  have  never  seen  Creta- 
ceous microzoa  from  Canada  and  so  can  give  no  opinion  on  this 
subject. 

**  Our  chalk  foraminifera  are  invariably  of  a  dull  white  chalky 
appearance,  the  tests  alone  being  calcareous,  the  interior  being 
usually  siliceous.  On  the  other  hand,  our  bowlder  clay  foraminif- 
era differ  in  no  respect  from  recent  specimens,  except  in  being  usu- 
ally smaller  in  size,  the  species  being  such  as  are  now  met  with 
in  shallow  water  around  our  coasts. 

**  All  the  species  which  I  have  been  able  to  identify  in  the 
clays  you  sent  me,  are  referable  to  recent  species,  and  with  the 
exception  of  Cristellaria  Italica  and  Rotalia  orbicularis,  have  been 
found  in  British  bowlder  clay.  Nomoftifta  depressula  is  the  most 
abundant  form  in  our  bowlder  clay,  and  it  is  instructive  to  find 
the  species,  so  common  with  us,  also  occurring  in  your  clay. 

''Bolivina  lavigata,  Cristellaria  Italica,  as  also  some  of  the  other 
specimens,  have  the  clear  hyaline  luster  of  recent  specimens.  If 
Cretaceous,  we  would  expect  to  find  Globigcrina  Cretacea  3,nd  Tex- 
tularia  globidosa  plent i  f u  1 . " 

The  above  references  to  Cretaceous  foraminifera,  are  explained 
by  the  fact  that  Mr.  Wright's  attention  had  been  called,  when 
the  specimens  were  sent,  to  the  probable  existence  of  such  forms 
in  the  bowlder  clays. 

In  replying  to  the  letter  from  which  I  have  just  quoted,  half 
a  dozen  specimens  of  Cretaceous  foraminiferal  material  from  the 

'Cf.  Bull.G.  S.  A.,  Vol.  VII,  p.  60. 
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Canadian  Northwest,  collected  by  Mr.  J.  B.  Tyrrell,  were  sent  to 
Mr.  Wright,  and  allusion  was  also  made  to  the  report  by  Messrs. 
A.  Woodward  and  B.  W.  Thomas  on  the  *' Microscopic  Fauna  of 
the  Cretaceous  in  Minnesota,  Nebraska  and  Illinois."  '  In  this 
report,  all  the  foraminifera  found  in  bowlder  clays,  as  well  as 
those  actually  obtained  from  Cretaceous  rocks,  are  classed 
together  as  Cretaceous. 

After  carefully  examining  the  Cretaceous  material  sent,  and 
preparing  lists  of  the  forms  represented,  Mr.  Wright  notes  the 
occurrence  in  it  of  a  great  preponderance  of  the  two  species 
already  mentioned  by  him  as  likely  to  be  characteristic.  He 
further  points  out  that  these  Cretaceous  foraminifera  are  filled 
with  calcite,  differing  in  that  respect  from  most  of  those  of  the 
same  age  in  Great  Britain,  but  none  the  less  stony  and  unlikely 
to  float  during  the  treatment  of  the  clays.  In  Yorkshire  he 
has  met  with  clays  containing  about  equal  proportions  of  Creta- 
ceous (derived)  and  Pleistocene  (contemporaneous)  foraminif- 
era, but  found  no  great  difficulty  in  separating  the  two  lots  by 
the  criteria  already  alluded  to.  Referring  to  Messrs.  Woodward 
and  Thomas'  report,  he  expresses  the  belief  that  it  really  com- 
prises a  mixed  fauna  of  the  same  kind,  stating  that  of  twenty- 
nine  species  recognized  by  these  gentlemen,  ten  had  not  before 
been  recorded  from  rocks  of  Cretaceous  Age,  according  to  Brady's 
monograph  in  the  Challenger  report. 

One  of  the  localities  mentioned  by  Messrs.  Woodward  and 
Thomas  for  foraminiferal  bowlder  clay,  that  of  South  Chicago, 
lies  so  far  from  known  Cretaceous  outcrops  and  away  from  the 
line  of  any  recognized  drift  from  such  outcrops,  that  I  ventured 
to  address  a  question  on  the  subject  of  the  probable  origin  of 
the  microzoa  to  Professor  T.  C.  Chamberlin.  The  foraminifera 
found  in  this  bowlder  clay,  appear  to  be  in  part,  at  least,  undoubt- 
edly Cretaceous  in  age.  In  reply.  Professor  Chamberlin  quotes 
observations  made  in  northern  Wisconsin  which  tend  to  show  the 
existence  of  Cretaceous  outliers  there,  as  well  as  perhaps  beneath 
the  northern  part  of  Lake   Michigan,  or  even  further  east.     He 

» Geology  of  Minnesota,  Vol.  Ill,  Pari  I  (1895). 
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writes:  ** Taking  the  evidence  all  in  all,  I  do  not  think  there  is 
any  serious  difficulty  in  accounting  for  Cretaceous  forms  in  the 
drift  of  this  region"  (Chicago).  After  referring  to  the  interest 
attaching  to  Mr.  Wright's  observations,  he  adds  the  following 
interesting  suggestion  concerning  them:  **It  has  occurred  to  me 
to  raise  the  question  whether  a  certain  number  of  marine  micro- 
scopic forms  are  not  to  be  expected  in  any  slow-accumulating 
deposit  like  a  clay,  in  the  interior  of  the  continent,  having  been 
borne  there  by  the  wind  with  other  dust  picked  up  from  marine 
flats  on  the  windward  side  of  the  continent." 

The  purpose  of  this  communication  is  accomplished  in  stating 
as  above,  briefly,  the  new  facts  which  appear  to  bear  upon  the 
question  asked  in  its  title.  It  seems  to  be  at  least  very  prob- 
able that,  in  addition  to  derived  Cretaceous  foraminifera  often 
found  in  the  drift  deposits  of  the  Great  Plains,  we  have  con- 
temporaneous forms  of  the  sea  of  the  glacial  period,  still  unfilled 
with  mineral  matter,  unaltered,  hyaline  in  aspect,  and  represent- 
ing the  same  species  elsewhere  commonly  found  in  deposits  of 
this  period.  Should  further  investigation  confirm  the  contempo- 
raneous and  autochthonous  character  of  this  fauna,  it  will  greatly 
assist  in  enabling  the  formation  of  definite  hypotheses  respecting 
events  of  the  glacial  period  in  the  western  part  of  the  continent. 

Mr.  Wright's  notes  on  the  specimens  of  bowlder  clay  from 
the  Saskatchewan,  arc  as  follows  : — 

No.  I.  Bowlder  clay,  twelve  miles  below  Victoria.  Weight  4  lbs.  4.5 
oz  Troy.  After  washing — Fine  i  lb.  3.7  oz.  Course  0.7  oz.  Stones  mostly 
rounded,  some  angular. 

Gaudryina  Sp.,  very  rare. 

Bulunina  pupoides  D'Orb.,  frecjuent. 

Pulvinulina  A'tjrs/e»t  {Rss.),\'cry  rare. 

Nonionina  depressula  (W.  &  J.),  very  rare. 

Rotalia  orbicularis,  D'Orb.,  very  rare. 

Radiolriti,  frequent. 

Sponge  spicules,  rare. 

No.  2.  Bowlder  clay,  twelve  miles  below  Victoria.  Weight  2  lbs.  6.2 
oz.  Troy.  After  washing  —  Fine  8.9  oz.  Coarse  0.5  oz.  Stones  mostly  rounded, 
some  angular. 


262  GEORGE  M.  DA  IVSON 

Rulimina  Pupoides  D'Orb.,  rare. 

Bolivina  laruifnata  (Will.),  very  rare. 

Cristellaria  Italica^  Defr.  (young),  very  rare. 

Truncatulina  Sp.,  very  rare. 

Rotalia  orbicularis^  D'Orb.,  very  rare. 

Radiolaria  frequent. 

Sponge  spicules,  rare. 

No.  3.  Bowlder  clay  near  V'ictoria.  Weight  3  lbs.  .1.6  oz.  Troy.  After 
washing — Fine  i  lb.  o.i  oz.  Coarse  0.6  oz.  Stones  mostly  rounded,  some 
angular. 

Gaudryina  Sp.,  frequent. 

Rulimina  pupoides^  D'Orb.,  rare. 

Rotalia  orbicularis^  D'Orb.,  frequent. 

Nonionina  depressula  (W.  &  J.),  very  rare. 
'•  scapha  (F.  &  M.)  ?  very  rare. 

Radiolaria.  frequent. 

Sponge  spicules,  rare. 

Ostracod,  very  rare. 

It  may  be  of  interest  to  add  for  comparison,  the  species  actu- 
ally recognized  by  Mr.  Wright  in  the  several  small  samples  of 
Cretaceous  material  supplied  to  him.  These  are,  nearly  in  order 
of  relative  abundance,  as  follows  : — 

Textularia  globulosa  Ehr.,  very  common. 
Globigcrina  Cretacca,  D'Orb.,  very  common. 

* 

"  digitata,  Brady,  rare. 

Anomolina  ammonoidcs^  (Rss.),  rare. 
Xodosaria  Zippei^  Rss.,  very  rare. 

George  M.  Dawson. 

Ge(>loi;icai.  Survey  of  Canada, 
March  10,  1897. 
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The  geological  survey  of  Arkansas  was  begun  in  June  1887. 
In  that  month  I  discovered  some  of  the  bauxite  beds  of  Pulaski 
county,  but  the  nature  of  these  deposits  was  not  announced 
until  January  1891,  when  I  gave  a  short  account  of  their  distri- 
bution and  character.' 

The  many  inquiries  concerning  the  Arkansas  bauxites,  both 
from  geologists  and  manufacturers,  furnish  sufficient  reason  for 
the  present  more  extended  account  of  them.  This  is  made  still 
more  necessary  by  the  fact  that  my  report  on  the  clays,  kaolins, 
and  bauxites  of  Arkansas  has  not  yet  been  published,  and  it 
seems  improbable  that  it  ever  will  be  published  by  that  state. 

In  view  of  the  fact  that  Owen  was  State  Geologist  of  Arkan- 
sas from  1857  to  i860,  and  that  other  surveys  were  carried  on 

'This  is  also  sometimes  written  beauxite.  The  word  is  derived  from  Les  Baux  or 
Les  Beaux,  the  name  of  a  town  in  the  south  of  France.  Pronounced  bozite^  not 
bawksite, 

'A  letter  on  this  subject  was  addressed  to  Governor  James  P.  Eagle  and  was 
printed  in  the  Arkansas  Gazette  and  the  Arkansas  Democrat  of  January  8,  1 89 1,  and 
reproduced  in  the  Arkansas  Press  in  several  numbers  from  January  18,  1 89 1,  until 
1893,  and  also  in  the  third  and  fourth  biennial  reports  of  the  Commissioner  of  Mines, 
etc.,  of  the  state  of  Arkansas.  A  brief  notice  of  the  deposits  was  also  published  in 
the  American  Geo/og is/ ior  yisirch  1891,  pp.  181-183. 
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from  1 87 1  till  1874,'  it  is  somewhat  remarkable  that  the  baux- 
ite deposits  were  not  sooner  discovered.  The  rocks  were  seen 
and  mentioned  by  two  geologists,  but  their  true  character  and 
importance  were  not  suspected.  As  long  ago  as  1842  Dr.  W. 
Byrd  Powell  published  a  brief  paper  on  the  geology  of  Fourche 
Cove,  near  Little  Rock,  in  which  he  says:*  "There  is  an  exten- 
sive amygdaloid  formation  within  the  cove,  and  also  upon  the 
eastern  side  of  it  (page  1 1  j  .  .  .  .  The  amygdaloid  proper  is  of 
a  light  brick  color.  In  some  localities  it  is  darker,  and  in  others 
lighter  ....  At  one  locality  the  amygaloids  are  small,  resem- 
bling a  mass  of  peas,  ....  but  each  amygaloid,  or  pea-like 
body,  is  hollow,  having  a  shell  not  thicker  than  that  of  an  egg. 
At  another  the  amygdaloids  are  filled,  but  they,  as  well  as  the 
cement  or  ganguc,  are  earthy  and  more  or  less  friable."  There 
can  be  no  doubt  that  some  of  these  so-called  amygdaloids  are 
the  bauxites. 

It  is  evident,  however,  that  some  of  the  tertiary  conglomer- 
ate beds  were  regarded  by  Dr.  Powell  as  variations  of  these 
"amygdaloids,"  for  he  says  that  some  of  them  consist  of  jasper 
(p.  12). 

Owen  also  mentions  this  *'  ferruginous  amygdaloid  of  rather 
a  peculiar  character,"  and  says  that  "the  amygdules  are  very 
globular,  so  that  the  rock  has  much  the  appearance  of  peastone, 
the  cavities  being  mostly  empty." 3  The  description  of  the  rock 
and  the  locality  given  make  it  clear  that  the  bauxite  rock  is 
here  referred  to,  and  yet  there  is  no  word  to  show  that  either 
Powell  or  Owen  knew  or  suspected  the  true  nature  of  the 
material. 

That  these  observers  did  not  recognize  this  mineral  is  prob- 
ably due  to  the  fact  that  bauxite  was,  at  that  time,  but  little 

'See  the  Geological  Surveys  of  Arkansas,  by  J.  C.  Hranner.  Jour,  of  Geol. 
II,  November- December  1894,  826-836. 

'A  geological  report  upon  the  Fourche  Cove  and  its  immediate  vicinity,  by  W. 
Byrd  Powell,  M.D.,  Little  Rock,  1842,  11-13.  This  is  a  very  rare  pamphlet;  1 
know  of  but  one  copy  of  it,  and  that  is  in  the  library  of  the  U.  S.  Geological  Survey. 

3 Second  report  of  a  geological  reconnoissance  of  Arkansas.  By  David  Dale 
Owen,  Philadelphia,  i860,  70. 
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known    even    in    Europe,   and    it    was    altogether   unknown   in 
America. 

At  the  time  when  it  was  found  that  this  rock  was  bauxite 
(1887)  it  was  being  used  extensively  for  making  the  roadbed 
of  the  Little  Rock  and  Sweet  Home  turnpike,  especially  along 
the  part  of  the  road  near  one  of  the  bauxite  beds.  It  had  also 
been  recommended  by  a  former  state  geologist,  Mr.  W.  F 
Roberts,  Sr.,  as  a  *'pisolitic  iron  ore,"  and  attempts  had  been 
made  to  mine  some  of  the  highly  colored  Saline  county  beds 
for  iron. 

Definition  and  composition. —  It  is  practically  impossible  to 
draw  a  sharp  line  of  division  between  bauxite  as  defined  miner- 
alogically  and  what  appears  in  a  hand  specimen  to  be  the  same 
thing,  but  which  on  analysis  is  found  to  contain  one  or  another 
impurity  in  such  proportions  as  to  throw  it  out  of  the  bauxite 
list.  Mineralogically  bauxite  is  a  hydrate  of  alumina,*  but  it  is 
never  found  without  certain  impurities,  the  common  ones  being 
iron,  silica,  potash,  soda,  and  titanium.  All  these  impurities  are 
found  in  the  Arkansas  bauxites,  and  in  some  cases  the  iron  is  so 
abundant  that  the  beds  have  been  prospected  with  a  view  to 
using  the  material  as  an  ore  of  iron.  The  following  analyses  of 
some  of  the  more  ferruginous  varieties  show  its  iron  contents : 

ANALYSES    OF    FERRUGINOUS    PISOLITIC    BAUXITE. 


Number 

Percentage  of 
iron 

Phosphorus 

Silica 

I 

66.85 
54.2 
59.2 
54.9 

•043 
.048 

.031 

.10 

not  del. 

2 

not  det. 

^ 

not  det. 

«?•• • 

4 ". 

1.99 

•t 

No.  4  was  collected  by  the  writer  in  2  S.  14  W.  section  i, 
northwest   quarter;  the  other  numbers    arc    from    the    Saline 

*  St.  Claire  Deville  regards  it  as  a  variety  of  Diaspore  (Al,OgH,0);  Dufrcnoy 
thinks  it  is  close  to  Gibbsite  (AljOa^HjO),  while  Liebrich  shows  it  to  be  closely 
related  to  or  identical  with  Hydrargillite. 
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county  deposits,  but  they  were  collected  by  prospectors  for  iron 
ore,  and  their  exact  locations  are  not  known.  # 

In  other  cases  the  bauxite  contains  so  much  silica  and  so 
little  water  that  it  is  not  to  be  distinguished  by  analysis  from 
ordinary  kaohn.  And  these  varieties  grade  so  insensibly  into 
each  other  that  no  line  of  demarkation  can  be  drawn  between 
them.  The  following  analyses  show  the  similarity  in  composi- 
tion between  a  kaolin  and  a  variety  of  bauxite,  which,  properly 
speaking,  is  simply  a  pisolitic  kaolin. 

ANALYSES    OF    PISOLITIC    AND    ORDINARY    KAOLINS. 


Silica,  SiO, 

Alumina,  A1,0., . . . 
Ferric  oxide,  KegO., 

Lime,  CaO 

Magnesia,  MgO . . . . 

Potash,  K,0 

Soda,  NajO 

Water 

Total 


Pisolitic  kaolin 

1  S.  13  W.. 

sec.  10  N.  E. 

of  N.  E. 


48.05 

38.92 

1. 19 

0.58 

0.45 
0.18 

0.28 

10.86 


100.51 


Pisolitic  kaolin 

Same  sec..  S.  E.  of 

N.W. 


45.20 

37.60 

3.00 

.89 

.00 

.06 
.69 

13-54 


100.98 


Washed  kaolin  from 
Brandywine  Summit,  Pa. 


47.24 

3727 
1.94 
0.52 

trace 
0.22 
0.13 

13.62 


100.94 


Water  at  iio"-ii5^'  C 0.46  ;? 1.48  % 


In  the  following  table  are  brought  together  all  the  analyses 
of  the  Arkansas  bauxite,  and  a  few  analyses  of  representative 
bauxites  from  other  parts  of  the  world.'  These  analyses  are  of 
individual  examples,  however,  and  must  not  be  accepted  as  if 
made  of  car-load  lots. 

*  In  the  article  published  in  the  A  me  ritart  Geolog^ist  for  March  1 89 1  I  ^^ve  an 
average  of  fourteen  partial  analyses  of  bauxite  from  France,  Austria,  and  Ireland.  I 
wish  here  to  express  my  disapproval  of  such  a  method  of  making  comparisons.  Owing 
to  the  extreme  variability  of  bauxites,  even  from  the  same  beds,  such  an  average  can 
scarcely  fail  to  be  misleading.  If  material  is  wanted  with  a  low  percentage  of  silica 
the  high  percentage  in  some  of  the  samples  will  so  increase  the  silica  in  the  average 
that  one  may  be  led  to  infer  that  none  of  it  is  low  enough  to  be  available  —  a  conclu- 
sion entirelv  unwarranted. 
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ANALYSES    OF    ARKANSAS    AND    FOREIGN     BAUXITES. 


I 

2 

3 

4 

5 

b 

7 

8 

9   

10 

II 

12 

U 


Silica 
SiO, 


10.13 
11.48 

3-34 
4.89 
5.II 

33-94 
2.00 

10.38 

16.76 

45.20 

21.70 
2.80 
6.29 


Alumina 

Iron 

A1,0, 

Fe.O, 

55-59 

6.08 

57.62 

1.83 

58.60 

9.  II 

46.44 

22.15 

55.89 

19.45 

44.81 

1-37 

62.05 

1.66 

55.64 

1.95 

51.90 

3.16 

37.60 

3.00 

58.10 

3.00 

57.60 

25.30 

64.24 

2.40 

Titanic 
oxide 
TiO, 


2.00 
3.50 
3.50 
3-50 


3.20 

3.10 

some 


Water 
H.O 


28.99 
28.63 
28.63 
26.68 

17.39 
17.88 

30.31 
27.62 

24.86 

13.54 

14.00 
10.80 

25.74 


Color 


Light  brown 
Gray 
Light  red 
Brick  red 
Black 

Gray,  surface 
Pink 
Surface 

f  Lime  0.89 
J    Potash  .06 
1   Soda  .69 
L  White,  pisolilic 

White 

Red 


1.  I  north,  12  west,  section  24,  north  side  of  the  southeast 
quarter.     On  Little  Rock  Sweet-Home  turnpike,  cut  near  road. 

2.  I  north,  12  west,  section  25,  southwest  corner,  and  sec- 
tion 36,  northwest  corner.     Tarplay's. 

3.  2  south,  14  west,  sections  9  and  10;  extending  also  from 
10  into  northwest  of   15. 

4.  2  south,  14  west,  section  3,  southeast  of  the  southwest. 

5.  2  south,  14  west,  section  3,  southeast  of  the  southwest. 

6.  2  south,  14  west,  section  16,  northeast  corner  of  the  south- 
west (|uarter  near  Sol.  Nethercut's. 

7.  I  south,  !2  west,  section  9,  northwest  quarter  of  the  north- 
east (juarter,  at  the  end  of  the  Arch  Street  Pike,  and  just  north 
of  the  fork  of  the  road  at  the  point  mentioned. 

8.  I  south,  12  west,  section  4,  middle  of  the  south  side  of 
the  northwest  of  the  southwest  quarter  on  the  west  side  of  the 
Arch  Street  Pike  leading  south  from  Little  Rock.  P2xposurc  in 
the  field,  a  stone's  throw  from  the  road. 

9.  I  south,  12  west,  section  9,  northeast  quarter  of  the  north- 
west quarter,  west  of  the  pike  and  west  of  small  stream,  about 
100  feet  south  of  bridge. 
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10.  I  south,  13  west,  section  10,  southeast  quarter  of  the 
northwest  quarter. 

11.  Baux,  near  Arle,  France  (Sainte-Claire  Deville). 

12.  Revest,  near  Toulon,  France  (Sainte-Claire  Deville). 

13.  Near  Feistritz,  Styria. 

The  analysis  must  determine  the  value  of  bauxite,  but  it 
should  not  be  forgotten  that  varieties  not  available  for  one  pur- 
pose may  sometimes  be  used  for  some  other  purpose.  As  a  rule, 
however,  silica,  iron,  and  titanium  are  the  objectionable  ingre- 
dients. When  the  percentage  of  silica  reaches  that  in  kaolin  or 
clay  the  bauxite  has  no  advantage  over  kaolin  or  clay  for  the 
purposes  for  which  it  is  used. 

Mr.  McCalley,  in  his  valuable  paper  upon  Alabama  bauxite, 
calls  attention  to  the  fact  that  the  surface  material  contains  more 
silica  than  samples  taken  at  a  depth."  This  had  escaped  atten- 
tion in  my  brief  examination  of  the  Arkansas  bauxite,  but  since 
reading  Mr.  McCalley's  paper  I  recall  the  fact  that  this  view  is 
borne  out  by  the  analyses  of  the  Arkansas  materials  so  far  as  they 
have  been  made.  If  this  is  a  fact  that  can  be  depended  upon 
as  constant,  it  is  one  of  great  importance  in  mining  bauxite. 

In  the  ferruginous,  earthy,  and  kaolin-like  varieties  the  piso- 
litic  structure  is  always  more  or  less  pronounced  in  the  Arkansas 
bauxite. 

Structure  a?td  appearance. — Bauxite  is  very  light ;  its  specific 
gravity  is  about  2.4.  In  gross  structure,  color,  texture,  and 
general  appearance  Arkansas  bauxite  varies  greatly.  The  colors 
are  red,  pink,  brown,  black,  gray  of  various  shades,  white  and 
yellow,  and  these  colors  are  also  more  or  less  mixed  in  the  same 
deposit,  and  even  in  the  same  hand  specimen. 

The  several  classifications  or  subdivisions  proposed  by 
Coquand,  Laur  and  others  will,  in  all  probability,  hold  with  the 
Arkansas  deposits,  but  inasmuch  as  these  divisions  all  grade 
insensibly  into  each  other  it  seems  unnecessary  to  give  those 
classifications  or  to  lay  any  stress  upon  them.  Chemical  analyses 
and  the  practical  availability  of  the  different  varieties  can  alone  be 

*Proc.  Ala.  Ind.  and  Sci.  Soc,  Vol.  II,  1892,  p.  29. 
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depended  upon.  I  may  add,  however,  as  a  suggestion  of  possi- 
ble utility  that  the  red  varieties  are  not  all  high  in  iron  as  one 
might  suppose;  some  of  the  reddest  examples  found  in  Saline 
county  contain  very  little  iron. 


Some  of  the  pisolites  are  solid  and  some  of  them  are  hollow ; 
sometimes  they  are  scattered  through  a  more  compact  and  homo- 
geneous groundmass,  and  at  other  times  they  make  up  the  body 
of  the  rock  and  resemble  a  great  mass  of  peas  cemented 
together. 

The  accompanying  illustration  (Fig.  i)  shows  a  specimen  of 
the  more  pisolitic  variety  taken  from  the  deposits  in  township 
I  south,  12  west,  section  4,  southwest  quarter. 
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The  pellets  are  in  some  place  much  larger,  the  biggest  being 
the  size  of  one's  two  fists  or  even  larger. 

Bauxite  is  sometimes  compact.  Mention  should  be  made  of 
the  fact  that  while  one  often  sees  small  pieces  of  the  compact 
variety,  there  are,  so  far  as  1  know  at  present,  no  beds  or  con- 
siderable deposits  of  the  compact  kind  in  Arkansas, 

I  have  seen  in  the  Royal  College  of  Sciences  in  Dublin 
specimens  of  the  compact  bauxite  of  Ireland.  That  material 
looks  very  like  a  compact  and  homogeneous  clay,  and  has  no 
evidences  of  pisolitic  structure.  Bauxite  of  this  variety  I  have 
not  found  in  Arkansas. 

The  heavy  beds  in  Saline  county  are  in  some  respects  differ- 
ent from  those  at  the  other  Arkansas  localities.  In  small  frag- 
ments this  material  is  not  distinguishable  from  that  found  near 
Little  Rock,  but  the  beds  are,  in  places,  made  up  of  what  seem 
to  be  cobbles  or  rolled  and  waterworn  lumps  of  the  same  mate- 
rial.    Some  of  these  lumps  are  as  large  as  a  man's  head. 

Under  the  microscope  one  specimen  shows  the  pisolites  to 
be  concentric  in  structure,  while  here  and  there  through  them 
are  thin  bands  or  veins  of  quartz.  This  suggests  that  the  silica 
found  by  analysis  is  sometimes  free.' 

Geologic  age. — Bauxite  has  been  found  in  Arkansas  only  in 
Tertiary  areas  and  In  the  vicinity  of  eruptive  syenites  with  which 
I  believe  them  to  be  genetically  related.  This  statement  con- 
cerning arcal  distribution  must  be  accepted  simply  as  a  state- 
ment of  fact,  but  one  that  may  be  of  considerable  importance 
in  Arkansas,  and  possibly  of  none  whatever  in  other  bauxite 
regions.  The  evidence  of  the  Tertiary  age  of  the  Arkansas 
bauxite  is  not  abundant,  but  it  all  points  in  one  direction. 

At  the  village  of  Ridgewood,  about  five  miles  south  of  Little 
Rock,  a  well  dug  on  lot  1 1  exposed  the  following  section  : 

Section  of  well  on  lot  ii,  village  of  Ridgewood. — 
3  feet  surface  soil, 
7  feet  pisolitic  bauxite. 

■  For  a  ^ooil  microscopic  view  see  paper  of  C,  W.  IIaves  in  (he  l6lh  Ann,  Rep, 
L'.  S.  G.  S.,  Part  111,  Plate  XXIII, 
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2  inches  iron  (limonite.) 

6  inches  pink  and  white  clays. 

The  pink  and  white  clays  at  the  bottom  of  this  well  belong 
with  the  horizontally  stratified  Tertiary  beds  of  the  neighbor- 
hood. There  are  no  fossils,  however,  in  these  clays,  and  they 
are  considered  as  Tertiary  solely  upon  lithologic  and  strati- 
graphic  grounds. 

At  Tarplay's  place  in  the  northwest  corner  of  section  36,  i 
north,  12  west,  the  bauxite  has  a  thin  bed  of  Tertiary  or  post- 
Tertiary  sandstone  overlying  it.  At  Mabelvale  in  i  south,  13 
west,  section  10,  northwest  quarter,  the  same  kind  of  ferruginous 
sandstone  overlies  bauxite.  It  should  be  added  also  that  the 
bauxite  at  several  places  overlies  the  eruptive  syenites  or  so- 
called  "granites,"  while  at  several  others  it  is  very  probable 
that  there  are  syenites  beneath  them.  These  syenites  are 
apparently  of  late  Cretaceous  or  post-Cretaceous  Age. 

It  is  not  to  be  inferred,  however,  that  bauxite  is  confined  to 
Tertiary  rocks,  except  perhaps  in  Arkansas.  I  see  no  reason 
why  the  conditions  that  produce  this  mineral  might  not  exist  in 
one  age  as  well  as  in  another,  though  these  conditions  are  likely 
to  occur  in  one  age  in  one  place  and  in  another  age  at 
another  place. 

The  statement  of  Laur  that  **  the  phenomena  which  gave 
rise  to  the  bauxites  in  Europe  occurred  with  great  intensity 
toward  the  end  of  the  Cretaceous  epoch,  and  has  never  been 
repeated"'  is  probably  unwarranted. 

In  southern  France  bauxite  is  said  to  form  the  parting 
between  the  Cretaceous  and  the  Jurassic.  Coquand  says  it  is 
in  the  Lychmis  beds  of  the  Upper  Cretaceous.^  Collot  shows 
that  it  lies  between  the  Urgonian  below  and  the  Cenomanian 
above,  that  is,  about  the  junction  between  Lower  and  Upper  Cre- 
taceous.3  Rouville  says  the  pisolitic  iron  of  Herault  is  in  the 
**Oxfordian"   or   Upper  Jurassic,  if  by  **Oxfordian"  he  means 

"Trans.  Amer.  Inst.  Min.  Eng.     1896. 
•Bull.  Soc.  Gdol.  1870-1,  XXXVIII.  III. 
'Compt.  Rend.  1887,  CIV,  129-130. 
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the  Oxford  clays  of  the  English  geologists.'  Fabre  found  it  in 
crevices  in  Jurassic  rocks,'  but  deposited  in  early  Tertiary  times, 
while  that  referred  to  by  Dr.  Raymond  in  a  corundum  mine  in 
North  Carolina  is  believed  to  be  in  eruptive  rock,3  the  age  of 
which  is  not  stated.  The  Irish  bauxites  are  associated  with 
eruptive  rocks  of  Tertiary  Age.* 

The  Alabama  bauxite  deposits  are  said^  by  McCalley  to  be 
of  Lower  Silurian  Age,  but  Hayes  thinks^  the  Alabama  and 
Georgia  deposits  were  formed  **  toward  the  close  of  the  Eocene." 

These  cases  are  cited  simply  to  show  that  bauxite  is  not  con- 
fined to  rocks  of  any  particular  age,  except  perhaps  in  a  given 
region.  I  have  seen  it  stated  that  bauxite  has  been  found  recently 
near  the  Maumelle  Pinnacles,  about  fifteen  miles  up  the  river 
from  Little  Rock.  This  would  bring  the  deposits  into  rocks  of 
Carboniferous  Age  This  report  lacks  confirmation;  I  know 
of  neither  bauxite  nor  syenite  in  that  region.  It  is  important 
to  notice,  however,  that  if  the  writer's  theory  of  the  origin  of 
these  deposits  is  correct,  search  for  them  in  Arkansas  should  be 
confined  to  the  neighborhood  of  the  eruptive  syenites, ^  though 
not  all  these  syenites  have  bauxite  deposits  in  their  vicinity. 
The  eruptive  rocks  at  Magnet  Cove  are  mostly  syenites,  but  no 
considerable  bauxite  deposits  have  been  found  associated  with 
them.  Some  small  fragments  were  found  by  me  in  the  Cove 
on  the  north  slope  of  the  hill  just  south   of  the  Baptist  church. 

Origin  of  the  Arkansas  bauxite  deposits. —  In  searching  for  new 
deposits  and  in  determining  the  limits  of  those  already  known,  we 
must  be  guided  to  a  certain  extent  by  a  knowledge  of  the  method 

«  Bull.  Soc.  G^ol.  de  France  XXV.  1867-8,  935. 

'Bull.  Soc.  Gdol.  de  France,  1869-70,  XXVII,  518. 

3  Trans.  Amer.  Inst.  Min.  Eng.  VII,  86. 

<  Memoirs  of  the  Geol.  Survey  [of  Ireland]  to  accompany  sheets  7,  8,  14,  20.  By 
R.  G.  Symes. 

5  Alabama  bauxite.  By  Henry  McCalley.  Proc.  Ala.  Ind.  and  Sci.  Soc, 
1892,  II,  21. 

*  Bauxite.  By  Charles  W.  Hayes,  i6th  Ann.  Rep.  U.  S.  Geol.  Sur.,  Part  III, 
592.     Washington,  1896. 

^  For  the  distribution  of  eruptive  rocks  in  Arkansas  see  Vol.  II  o  f  the  annual 
report  of  the  Geological  Survey  of  Arkansas  for  1890. 
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by  which  the  deposits  have  been  made,  for  it  is  only  in  this 
way  that  we  can  anticipate  the  peculiarities  of  its  distribution. 
There  is  therefore  given  below,  as  briefly  as  possible,  the  several 
theories  that  have  been  advanced  to  explain  the  method  by 
which  bauxite  deposits  have  been  made. 

The  Arkansas  beds  appear  to  have  been  laid  down  in  water 
near  the  shore,  but  the  material  does  not  seem  to  have  been  car- 


Fig.  4.     Ideal  Section  through  Fourche  Cove. 

ried  far  from  the  spot  at  which  it  originated,  or  to  have  been 
widely  distributed  by  the  water.  They  are  all  at  or  near  the 
contact  between  the  palaeozoic  sediments  and  the  eruptive  sye- 
nites. Several  of  them,  however,  have  no  palaeozoic  rocks 
exposed  near  at  hand,  and  one  of  them  has  no  syenite  expo- 
sures. These  conditions  are  shown  in  part  by  the  following 
ideal  section  illustrating  the  relations  of  the  rocks  about  the 
Fourche  Cove. 

The  concretionary  structure  of  the  bauxite  suggests  that  it 
has  been  formed  in  some  such  manner  as  the  oolites  or  sprudel- 
steins  of  the  well-known  hot  springs  at  Carlsbad.  At  this  last 
named  place  the  oolites  are  made  of  carbonate  of  lime.  The 
water  is  charged  with  lime,  and  as  it  issues  the  lime  collects 
about  centers.  These  masses  are  kept  in  motion  in  the  rising 
waters  until  by  accretion  they  become  so  heavy  that  they  sink 
to  the  bottom. 

Oolites  are  also  made  in  various  other  ways,  such  as  the  roll- 
ing of  grains  upon  a  shore  and  in  waters  heavily  charged  with 
lime,  by  lime  secretions  of  certain  alga!'  and  other  organisms,'  and 
possibly  by  insect  eggs  as  suggested  by  M.  Virlet  d'Aoust.3 

M)n  the  formation  of  oolite.     By  Dr.  A.  Rothpletz.     Amer.  Geol.  X,  279-282. 
■The  formation  of  oolite.     By  E.  B.  Wethered.     Quar.  Jour.  Geol.  Soc,  LI, 
1895,  196-209. 

3 The  Geologist  (I),  1858,  72-73. 
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Attention  is  directed  to  the  peculiar  nature  of  some  of  the 
great  beds  of  Saline  county ;  there  the  strata  are  composed  of 
rolled  or  waterworn  lumps  as  large  as  one's  head  which,  when 
broken  open,  show  the  same  pisolitic  structure  as  that  found  at 
other  places.  It  looks  as  though  the  material  had  been  depos- 
ited in  water  near  the  shore,  and  that  it  had  been  partly  uncov- 
ered at  low  tide  or  broken  up  by  storm  waves,  and  that  its 
earthy  material  had  been  broken  and  rolled  by  the  waves,  and 
finally  left  at  or  near  where  it  had  originally  lain.  None  of 
the  beds  examined  show  the  lamination  or  thin  bedding  planes 
so  characteristic  of  sedimentary  rocks. 

These  facts  seem  to  point  to  an  origin  for  bauxite  very  sim- 
ilar to  that  of  calcareous  pisolites,  and  its  association  with  the 
syenites  suggests  that  the  latter  have  something  to  do  with  the 
matter.  I  am  of  the  opinion  that  the  explanation  offered  by 
Coquand,  Auge,  de  Rouville,'  Virlet  d'Aoust,^  Daubree,^  and 
Hayes  is  the  correct  one  so  far  as  hot  waters  are  concerned,  but 
I  am  unable  to  see  why  they  should  have  been  geyser  waters. 
Auge  has  cited*  from  Hayden's  report  of  1878,  Part  II,  p.  416, 
what  he  considers  a  case  of  bauxite  actually  forming  in  a  gey- 
ser. This,  however,  is  a  mistake :  I  have  examined  in  the 
United  States  National  Museum  the  material  referred  to ;  it  has 
no  resemblance  to  bauxite,  and  Professor  George  H.  Merrill 
tells  me  that  it  is  a  geyser  mud  or  kaolin  mechanically  churned 
up  by  the  water  and  from  which  the  silica  has  been  removed. 
Strangely  enough  this  error  has  been  extensively  copied  and  is 
found  in  many  of  the  papers  on  bauxite,  even  as  late  as  that  by 
M.  Lauer  published  in  1895. 

Dr.  Genth  holds  that  the  bauxite  may  be  derived  by  hydra- 
tion from  corundum,  but  frankly  admits  that  he  cannot  explain 
the  transformation. 5 

•  Bull.  Soc.  G^ol.  de  France,  1867-8,  XXV,  935. 

^()p.  cit.,  XV,  199;  XXII,  418-420. 

H)p.  cit.,  XXVI,  915. 

*•  Hull.  Soc.  Gdol.  de  France,  1888,  XVI,  345-350. 

5  Proc.  Am.  Phil.  Soc.  Vol.  XII,  373  and  405. 
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Coquand  says:'  **The  aqueous  origin  of  the  bauxites  is  as 
well  marked  by  their  structure  as  by  their  stratification  and 
alternation  with  sandstones,  limestones,  and  clays.  It  is  evi- 
dent that  the  sedimentation  (at  the  time  the  deposits  were 
made)  began  at  the  bottom  of  a  lake  by  the  deposition  of  alu- 
minous and  calcareous  matter  brought  in  from  mineral  sources 
and  to  which  a  certain  movement  of  the  waters  gave  a  pisolitic 
form."  It  is  not  altogether  clear  what  M.  Coquand  means  by  the 
** mineral  sources"  to  which  he  refers  several  times  and  to  which 
he  attributes  the  material  of  the  bauxites.  His  paper  ends  with 
the  conclusion  that  the  several  bauxite  localities  of  France  **are 
of  the  same  age  and  fall  under  the  head  of  irregular  deposits  of 
geyser  origin,"  from  which  it  must  be  inferred  that  he  thinks 
the  hot  waters  of  geysers  are  the  ** mineral  sources"  from  which 
the  bauxite  has  been  derived. 

M.Stanislas  Meunicr  holds  ^  that  salt  water  penetrating  to 
great  depths  can,  on  account  of  its  high  temperature  and  the 
pressure  upon  it,  dissolv^e  the  ferruginous  shales  and  form  chlo- 
rides of  alumina  and  perchlorides  of  iron.  When  these  chlo- 
rides come  to  the  surface  and  spread  over  limestones,  as  they 
usually  do,  a  change  of  bases  takes  place,  alumina  and  peroxide 
of  iron  are  precipitated,  chloride  of  lime  is  carried  away  and  the 
carbonic  acid  of  the  limestone  is  set  free,  while  the  iron  and 
alumina  is  deposited  as  bauxite. 

Auge,  as  stated  in  the  article  already  referred  to,  was  led  to 
reject  Meunier's  theory  by  finding  bauxite  resting  on  rocks 
other  than  limestones.  To  this  Meunier  replies  that  the  chem- 
ical changes  demanded  by  his  theory  might  be  produced  by 
the  waters  carrying  the  material  passing  over  limestones  and 
depositing  the  bauxite  further  on  in  their  course. 

Daubrce  says 3  that  while  generally  associated  with  sedimen- 
tary beds,  the  bauxite  beds  show  their  relations  to  deep-seated 
emanations  by  the  presence  of  anhydrous  peroxyde  of  iron  or 

«  Bull.  Soc.  (Jdol.,  2'"«  ser.,  1870  i,  XVIII,  98  ff. 
=  Hull.  Soc.  Geol.,  3""=  ser.,  XVI,  1888,  345-346. 
3  Hull.  Soc.  Geol.  de  France,  XXVI,  1868-9,  915. 
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oligiste,  which  generally  colors  them,  and  by  its  ramifications 
generally  penetrating  underlying  beds  and  by  the  juxtaposition 
to  granite. 

R.  G.  Symes  thinks  that  the  bauxite  at  Estertown,  County 
Antrim,  Ireland,'  **  seems  to  be  a  mud  lava." 

The  most  exhaustive  study  yet  made  of  bauxite  is  that  of 
Dr.  A.  Liebrich,  the  title  of  whose  treatise  is  given  in  the  bib- 
liography at  the  end  of  this  paper.  He  quotes  Streng  as  hold- 
ing that  the  Vogelsberg  bauxite  is  derived  from  basalt  by 
decomposition,  and,  in  general  terms,  Liebrich  endorses  this 
view.  Further  on,  however,  he  states  that  it  is  **not  the 
decomposition  product  of  an  underlying  basalt,  but  of  a  com- 
pletely disintegrated  anamesite  lying  above  a  compact  basalt." 
Again  he  says:  '* There  is  nowhere  bauxite  containing  a  kernel 
of  stone  which  is  not  a  decomposition  product."  Again  **the 
transition  between  bauxite  and  basaltic  hematite  may  be  traced 
step  by  step  in  thin  sections."  Also;  **it  is  to  be  regarded  as 
a  concretionary  formation  which  has  originated  in  the  clay 
formed  by  decomposition  of  rock,  and  that  it  is  therefore  not  a 
simple  process  but  several  different  processes  following  each 
other."  He  thinks,  however,  that  other  kinds  of  basalt  than 
anamesite  can  yield  bauxite.  He  also  concludes  from  his  micro- 
scopic and  chemical  studies  of  bauxite  that  it  is  the  same  as 
hydrargillite.  The  chemical  process  and  the  method  of  form- 
ing the  pisolites,  he  says,  is  unknown. 

Of  the  theories  above  mentioned  the  only  one  that  appears 
to  be  applicable  to  the  Arkansas  deposits  is  that  of  hot  waters. 
This  however  is  not  necessarilv  in  conflict  with  the  theorv  of 
Liebrich  that  they  are  decomposition  i)roducts,  though  they  are 
not,  in  the  present  case,  associated  with  basalts,  and  are  cer- 
tainly not  formed  by  the  decomposition  of  any  rock  in  place.  It 
is  my  opinion  that  before  the  eruptive  syenites  had  cooled  they 
were  sunk  beneath  the  Tertiary  sea,  and  that  either  by  the  con- 
tact of  the  sea  water  or  by  the  issuing  of  springs  whose  waters 


*  Memoirs  of  tlie  Geological  Survey  of  Ireland,  Mem.  accompanying  Sheet  20, 


p.  12. 
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had  been  in  contact  with  the  hot  syenites  the  aluminous  mate- 
rials were  seggregated  as  pisolite  and  sank  near  where  they  were 
formed.  Thus  if  the  process  is  one  of  decomposition  it  is 
decomposition  in  the  presence  of  and  due  to  high  temperature. 

The  irregular  forms  of  the  deposits,  their  variable  thicknesses 
and  characters,  and,  in  fact  everything  known  about  them,  is  in 
keeping  with  this  theory  of  their  origin.  Stress  has  been  laid 
by  Meunier  upon  the  fact  that  so  many  bauxites  rest  upon*  or 
are  associated  with  limestones ;  and  this  fact  was  used  by  him 
to  explain  the  precipitation  of  the  material  from  chlorides  of 
aluminium  in  hot  sea  water.  But,  as  Auge  has  pointed  out,  lime- 
stones are  not  always  present,'  and  there  are  certainly  none 
associated  with  the  Arkansas  deposits. 

Forms  of  the  deposits. — From  what  has  been  said  it  is  evident 
that  the  bauxite  deposits  must  be  very  irregular  in  form. 
Although  associated  with  marine  sediments  of  wide  and  regular 
distribution,  the  bauxite  deposits  are  local,  irregular  and  of 
uncertain  extent,  for  the  influences  that  produced  them  were 
local,  and  the  rocks  (syenites)  with  which  they  are  associated 
arc  in  all  probability  concealed  in  many  places.  The  figure 
given  under  the  head  of  ** origin"  on  page  275  will  give  as 
definite  an  idea  as  can  be  had  of  the  forms  of  the  deposits  with- 
out prospecting.  If,  at  any  time,  it  should  become  necessary  to 
prospect  for  other  deposits,  the  prospecting  should  be  confined 
to  the  region  in  which  bauxite  is  now  known  and  to  the  soft 
Tertiarv  beds.  It  does  not  now  seem  advisable  to  look  for  this 
mineral  above  an  elevation  of  350  feet  or  below  250  feet  above 
mean  tide. 

Method  of  mining. — Stripping  and  quarrying  in  open  cuts  is 
the  method  to  be  used  in  nearly  all  the  deposits  known.  Of 
course  when  the  cover  becomes  too  thick  it  cannot  be  removed 
economically,  and  such  deposits  will  either  have  to  be  aban- 
doned or  the  mining  will  have  to  be  done  by  drifts.  Persons 
experienced  in  the  driving  of  tunnels  and  mine  timbering  should 

*Comptcs  Rendus,  1883,  XCVI,  1737-1739. 
'  Bull.  Soc.  G^ol.  de  France,  1888,  XVI,  346. 
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have  charge  of  the  work  in  this  stage.  The  roof  is  likely  to  be 
soft  and  to  require  lagging.  Furthermore,  unless  discretion  is 
used  in  opening  quarries  and  driving  tunnels,  the  operators  are 
likely  to  have  difficulty  with  the  draining  of  the  mines. 

THE    DISTRIBUTION    OF    BAUXITE    IN    ARKANSAS. 

In  thickness  the  bauxite  beds  vary  greatly,  the  greatest  found 
being  forty  feet,  and  even  in  this  case  the  full  thickness  of  the 
bed  is  not  exhibited.  In  vertical  distribution  it  has  a  range  of 
about  sixty  feet,  lying,  so  far  as  observed,  between  260  and  320 
feet  above  mean  tide  level.  This  observation,  however,  refers 
only  to  the  Pulaski  county  deposits,  no  observations  having  been 
made  on  the  vertical  range  of  the  Saline  county  beds,  which, 
however  seem  to  be  at,  or  near,  the  same  elevation.  It  is  not 
supposed  that  the  exposures  now  known  are  the  only  ones  in 
the  state,  for  it  has  not  been  possible  to  make  detailed  search 
throughout  the  area  in  which  the  deposits  may  reasonably  be 
expected.  The  number  of  exposures  will  probably  not  only  be 
considerably  increased,  but  it  should  be  added,  that  inasmuch 
as  sedimentary  beds  overlie  or  have  overlain  some  of  the  known 
deposits,  it  is  quite  possible  that  there  are  others  yet  uncovered 
by  natural  processes  of  erosion. 

These  bed  should  be  sought  only  in  the  areas  of  soft  sands, 
clays,  and  gravels  and  in  the  neighborhood  of  the  eruptive 
rocks  of  Saline  and  Pulaski  counties. 


THE    USES    OF    BAUXITE. 

Many  attempts  have  been  made  to  use  bauxite  as  an  ore  of 
iron,  but  with  poor  success  or  with  no  success  at  all.  The  kao- 
linic  varieties  may  be  found  available  as  kaolins,  though  I  know 
of  no  attempts  to  use  them  for  such  purposes.  Bauxite  has 
been  successfully  used  for  the  manufacture  of  the  following 
materials  : 

1.  Alum. 

2.  Sulphate  of  alumina. 

3.  Aluminum  (the  metal). 
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4.  Refractory  wares,  such  as  furnace  linings. 

5.  It  is  also  available  for  increasing  the  refractoriness  of 
fire  clays  used  in  the  manufacture  of  fire  bricks,  furnace  linings 
and  the  like. 

I  shall  say  nothing  of  the  methods  employed  in  the  utiliza- 
tion of  the  raw  material.  Some  of  them  are  described  in  the 
works  mentioned  at  the  end  of  this  paper,  others  are  guarded 
as  trade  secrets,  or  are  covered  by  patents. 

There  is  one  use,  however,  for  which  bauxite  is  available  to 
which  I  wish  to  direct  especial  attention,  and  that  is  as  a 
refractory  material  in  the  manufacture  of  iron  and  steel. 

Bauxite  as  a  refractory  materiaL  —  Bauxite  is  one  of  the 
most  refractory  materials  used  in  the  arts.  It  is  especially  val- 
uable for  lining  blast  furnaces  where  it  outlasts  the  best  artificial 
fire  bricks.  It  is  used  alone  and  also  as  an  ingredient  for  increas- 
ing the  percentage  of  alumina  in  other  refactory  materials. 

In  his  **  Feuerfcsten  Thone,"  Bischof  speaks  as  follows  of 
bauxite:'  **This  natural  aluminium  hydrate  which  has  as  yet 
been  found  only  in  a  few  places,  ....  when  not  impure  on 
account  of  the  admixture  of  foreign  substances,  especially  of  iron, 
which  generally  occurs  in  considerable  quantities  in  compounds 
of  alumina,  is  extremely  refractory.  .  .  .  The  addition  of  the 
varieties  free  from  iron,  or  the  white  ones,  to  other  refractory 
clays  offers  the  only  important  trteans  known  of  increasing  their 
percentage  of  alumina,  and  at  the  same  time  their  refractoriness. 
On  account  of  a  large  percentage  of  chemically  combined  water 
this  material  shrinks  considerably  in  burning,  a  fact  to  be  noted 
in  using  it."  In  another  place  Bischof  says:'  ** Bricks  made 
from  calcined  bauxite  are  especially  useful  in  the  production  of 
iron  and  steel  in  the  Siemens  revolving  furnace. **3 

Bruno  Kerl,  an  excellent  authority  on  this  subject,  says  :< 
**  Bauxite    bricks  and    crucibles  of    bauxite,    recommended    by 

*  Die  Feuerfcsten  Thone,  C.  Bischof,  pp.  193-4, 
'Op.  cil.,  p.  277. 

^See  also  Dingler's  Polytechnisches  Journal,  Vol.  CXCVIII.,  p.  156;  ibidem.  Vol. 
CCX.,  p.  109. 

4  Thonwaarenindustrie,  p.  526. 
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Gaudin  as  long  ago  as  1858,  should,  when  low  in  iron,  withstand 
heat  whioh  would  fuse  all  other  refractory  materials. 

**  Bauxite  is  a  compound  having  a  composition  intermediate 
between  diaspore  and  limonite,  and  consists  of  hydrate  of 
alumina  combined  with  hydrated  oxide  of  iron. 

**On  account  of  the  large  quantity  of  water  present  this  min- 
eral shrinks  greatly  on  heating,  is  usually  refractory,  and,  if  it 
does  not  contain  too  much  iron,  when  added  to  fire  clays,  increases 
their  refractoriness. 

**  Siemens  used  bauxite  bricks  with  50  per  cent,  of  alumina, 
35  of  iron  oxide  and  3  to  5  of  silica,  which  lasts  five  or  six  times 
as  long  as  Stourbridge  first-brick.  Schwarz  recommends  for 
crucibles  for  manufacture  of  cast  steel  a  composition  of  one  to 
two  parts  Goettweiher  clay  and  two  parts  of  burnt  bauxite  from 
Wochein.  The  bricks  of  the  Compagnie  Parisienne  at  the 
Vienna  Exposition  withstood  the  heat  of  molten  platinum,  yet 
their  fracture  was  like  that  of  stoneware." 

Sir  William  Siemens  tested  bauxite  as  a  furnace  lining  and 
says'  of  it:  *' A  series  of  experiments  to  form  solid  lumps  by 
using  different  binding  materials  have  shown  that  3  per  cent,  of 
argillaceous  clay  suffice  to  bind  the  bauxite  previously  calcined. 
To  this  mixture  about  6  per  cent,  of  plumbago  powder  is  added, 
which  renders  the  mass  practically  infusible,  because  it  reduces 
the  peroxide  of  iron  contained  in  the  bauxite  to  the  metallic 
state.  Instead  of  plastic  clay  as  the  binding  agent,  waterglass 
or  silicate  of  soda  may  be  used,  which  has  the  advantage  of 
setting  into  a  hard  mass  at  such  a  comparatively  low  temperature 
as  not  to  consume  the  plumbago  in  the  act  of  burning  the  brick. 
A  bauxite  lining  of  this  description  resists  both  heat  and  fluid 
cinder  in  a  very  remarkable  degree,  as  I  have  proved  by  lining 
a  rotative  furnace  at  my  sample  steel  works  at  Birmingham, 
partly  with  bauxite,  and  partly  with  carefully  selected  plumbago 
bricks.  After  a  fortnight's  working  the  brick  lining  was  reduced 
from  six  inches  to  less  than  half  an  inch ;  whereas  the  bauxite 
lining  was  still  five  inches  thick   and  perfectly  compact.     It  is 

'  The  scientific  works  of  Sir  Wm.  Siemens,  I.,  London,  1889,  296. 
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also  important  to  observe  that  bauxite  when  exposed  to  intense 
heat  is  converted  into  a  solid  mass  of  emery  of  such  extreme 
hardness  that  it  can  hardly  be  touched  by  steel  tools,  and  is  capa- 
ble of  resisting  mechanical  as  well  as  the  calorific  and  chemical 
actions  to  which  it  is  exposed. 

"The  bauxite  used  in  the  above  mentioned  lining  was  of  the 
following  composition : 

AI2O3  -        -        -        53.62 

FcaOa      -         -         -         -     42.26 
SiOj     -         -         -         -  4.12" 

Speaking  of  the  value  of  bauxite  as  a  refractory  material  Pro- 
fessor Thomas  Eglcston  of  the  Columbia  School  of  Mines  says 
that  it  *'  lasts  five  or  six  times  as  long  as  the  best  Stourbridge 
bricks.  Nothing  has  yet  been  found  which  resists  the  corrosive 
action  of  basic  slags  so  well."' 

In  a  letter  to  the  author  regarding  bauxite  as  a  refractory 
material  Professor  Egleston  writes : 

**If  the  material  is  pure  there  would  be  a  very  large  demand 
for  it.  With  the  introduction  of  basic  processes,  the  demand 
for  basic  lining  has  increased  steadily,  but  on  account  of  the 
uncertainty  of  the  composition  of  bauxite,  it  is  being  very  gen- 
erally replaced  by  carbonate  of  magnesia,  which  is  found  in  several 
localities  in  Europe  and  is  imported  both  to  England  and  this 
country." 

The  results  of  several  analyses  of  Aakansas  bauxites  were 
sent  Professor  Egleston  when  he  wrote : 

**The  subject  is  a  very  interesting  one  and  may  be  of  great 
value  to  the  state  if  it  should  prove  that  any  of  these  are  alumi- 
nates.  In  some  of  them  I  fear  there  is  too  much  silica,  but  in 
any  case  I  think  valuable  fire  bricks  could  be  made  of  them.  I 
have  often  tried  to  interest  the  fire-brick  people  in  thencwproc- 
cesses  for  the  manufacture  of  these  bricks  which  have  been 
developed  within  the  past  ten  or  fifteen  years  in  Europe,  and  in 
the  hope  of  so  doing  have  published  several  articles  on  the  sub- 
ject,  but  the  manufacturers   have  been  generally  unwilling  to 

'Transactions  Am.  Inst.  M.  E.,  Vol.  IV.,  261-2. 
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an  opinion  of  value  on  this  subject. 

Another  matter  of  importance  is  that  the  freight  rates 
t.hiif'^i'A  by  the  railways  out  of  Little  Rock  are  so  high  as  to 
prevent  its  |>rofitabIe  shipment. 

Still  another  is  that  extravagant  ideas  of  the  value  of  the  ore 
have  induced  those  who  would  otherwise  have  done  the  mining 
and  .shijipin^  to  expect  very  large  profits  from  it.  As  a  matter 
of  lad  the  value  of  bauxite  at  the  place  of  production  in  the 
United  States  during  the  year  1895  averaged  about  four  dollars' 

*  Mii^^iiu'crin^  and  Mining  Journal,  Jan.  2,  1897,  3- 
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a  ton.  The  question  for  owners  and  miners  is  whether  the 
market  price  will  leave  them  a  resonable  margin  of  profit.  The 
cost  of  plants  for  the  utilization  of  bauxite  is  so  great,  and  the 
local  market  for  manufactured  products  so  small,  that,  in  my 
opinion,  it  is  useless  to  think  of  factories  being  established  in 
Arkansas.  The  factories  are  all  in  the  north,"  and  the  probabil- 
ities are  that  they  will  remain  there  for  some  years  at  least.  In 
the  meantime,  if  the  bauxite  beds  are  to  be  utilized,  the  material 
must  be  mined  and  transported  cheaply.  Labor  and  teaming 
are  low,  but  railway  freights  are  high  at  present.  This  neces- 
sarily prevents  Arkansas'  competition  with  the  Georgia  and 
Alabama  deposits.  It  is  to  be  hoped  that  the  railways  may  see 
their  way  to  offering  rates  that  will  allow  of  bauxite  mining  in 
Arkansas. 
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Editorial. 


As  THE  time  for  the  meeting  of  the  International  Congress 
of  Geologists  approaches  interest  in  the  series  of  events  con- 
nected with  it  increases.  The  several  circulars  that  have  been 
issued  have  made  evident  the  extent  of  the  preparations  that  are 
being  made  at  St.  Petersburg  and  the  largeness  of  the  generosity 
of  His  Majesty  the  Emperor  of  Russia.  Opportunity  has  been 
offered  for  all  geologists  taking  part  in  the  congress  to  visit 
many  of  the  most  important  regions  of  Russia,  presenting  widely 
different  geological  phenomena — the  crystalline  rocks  of  Fin- 
land and  the  glacial  phenomena  in  the  north  ;  the  vast  expanse 
of  slightly  disturbed  and  little-altered  Palaeozoic  strata  in  the 
central  portion  of  the  country;  the  lar-famcd  mining  districts  of 
the  Urals,  and  the  grand  scenery  and  varied  features  of  the 
Caucasus  and  of  Transcaucasia.  Seldom  may  geologists  have 
such  an  opportunity  to  contrast  within  the  brief  period  of  a  few 
weeks  the  forest-clad,  moist  north   lands  with   the   barren,  arid 

• 

regions  of  the  south,  or  experience  in  quick  succession  the  sen- 
sations produced  by  the  boundless  horizon  of  the  steppes  and 
by  the  deep  gorges  and  lofty  summits  of  the  Caucasian  Alps. 

The  liberality  of  the  Czar  in  presenting  the  geologists  with 
first-class  tickets  over  all  the  railroads  under  Russian  control  is 
an  act  of  hospitality  fitting  the  ruler  of  so  great  an  err.pire,  and 
one  fully  appreciated  by  the  geologists  of  all  parts  of  the  world. 
That  it  should  have  been  accepted  by  many  who  would  not 
otherwise  have  been  able  to  travel  so  extensively  was  to  have 
been  expected.  And  it  is  not  surprising  to  hear  that  many  per- 
sons not  having  claims  to  the  title  of  geologists  have  applied  for 

the  privileges,  to  the, embarrassment  of  those  in  charge  of   the 
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management  of  the  great  excursion.  It  is  proper  that  a  scrutiny 
of  the  lists  of  applicants  should  be  undertaken  for  the  purpose 
of  limiting  the  numbers  to  those  who  are  actually  geological 
workers  or  teachers  of  the  science,  and  who  will  derive  the  most 
benefit  from  the  instruction  which  will  be  given  by  the  geolo- 
gists acting  as  leaders  of  the  several  excursions.  It  would  be 
unfortunate  if,  by  the  presence  of  many  untrained  excursionists, 
the  object  of  the  expeditions  should  be  defeated.  It  is  reason- 
able, then,  that  the  committee  in  charge  at  St.  Petersburg  should 
propose  to  test  the  geological  knowledge  of  all  those  wishing  to 
join  the  excursions,  when  their  attainments  in  the  science  of 
geology  is  not  already  known.  We  understand  that  those  not 
known  to  the  committee  to  be  geologists  will  be  required  to  pass 
an  examination  in  various  branches  of  geology  before  being 
permitted  to  take  part  in  the  excursions. 

♦ 

A  RECENT  circular  from  St.  Petersburg  calls  attention  to  the 
fact  that  there  was  established  at  the  London  congress  a  per- 
manent committee  that  should  have  charge  of  the  selection  and 
elaboration  of  questions  to  be  submitted  to  each  subsequent  ses- 
sion, as  well  as  of  the  preparation  of  reports  relating  to  such 
questions.  After  citing  the  report  of  the  committee  relative  to 
the  unification  of  stratigraphical  nomenclature,  and  after  noting 
the  fact  that  the  matter  received  no  attention  at  the  Washington 
and  Zurich  meetings,  the  committee  of  organization  at  St. 
Petersburg  suggests  that  the  question  of  the  general  principles 
involved  in  any  stratigraphical  classification  be  discussed,  first, 
as  to  whether  it  be  artificial,  based  solely  on  historical  data,  or 
natural^  based  as  well  on  general  physiographic  changes  as  on 
faunal  data  ;  second,  as  to  laws  that  should  govern  the  introduc- 
tion of  new  terms  into  stratigraphical  nomenclature.  It  is  also 
suggested  that  the  principles  that  should  govern  petrographical 
nomenclature  ought  also  to  be  considered. 

The  confusion  in  these  nomenclatures  which  is  constantly 
increasing  owing  to  rapid  accession  of  new  facts  and  to  lack  of 
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system  in  the  creation  of  new  terms  makes  apparent  the  need  of 
some  organization  of  terms  and  of  the  establishment  of  some 
general  principles  of  nomenclature.  The  committee,  realizing 
the  magnitude  of  the  undertaking  and  the  shortness  of  the  time 
of  a  single  session  of  the  congress,  nevertheless  expresses  the 
hope  that  enough  may  be  accomplished  at  the  coming  session  to 
lead  to  the  satisfactory  solution  of  these  problems.  Certainly 
the  discussion  of  the  more  general  and  fundamental  principles 
of  nomenclature  by  which  a  common  usage  of  terms  may  be 
brought  about  is  the  proper  function  of  an  international  con- 
gress of  geologists,  and  it  is  to  be  hoped  that  the  proceedings 
of  the  coming  session  may  be  along  these  lines.  J.   P.   I. 


Reviews. 


SOME  RECENT  PAPERS  ON  THE  INFLUENCE  OF  GRAN- 
ITIC INTRUSIONS  UPON  THE  DEVELOPMENT  OF 
CRYSTALLINE  SCHISTS. 

MiCHEL-L^VY  :     Contribution  a  Vitude  du  Granite  de  Fiamanville  et  des 

Granites  Franfais  en  general.     Bull,  des  Services  de  la  carte  g^ol. 

de  la  France,  No.  36.     Paris,  1893,  pp.  41. 
L.  DuPARC  and  L.  Mrazec  :     Nouvelles  Recherches  sur  le  massif  du 

Mont-Blanc.     Archives    des    Sciences    Physiques    et    Naturelles. 

Tome  XXXIV,  1895,  pp.  39. 
L.  DuPARC  :     Le  Mont- Blanc  au  point  de   vue  giologique  et  pitrogra- 

phique.     Ibid.     1896,  pp.  8. 
J.  Vallot  and  L.  Duparc  :     Sur  un  Synclinal  schisteux  ancien  formant 

le  cocur  du  massif  du  Mont- Blanc.     Coinptes  Rendus  des  Stances 

de  TAcad^mie  des  Sciences.     Paris,  Mars  1896,  pp.  3. 
J.  HoRNE  and  E.  Greenly  :     On  Foliated  Granites  and  their  relation 

to  the  Crystalline  Schists  in  Eastern  Sutherland.     Quarterly  Journal 

of  the  Geological  Society.     London,  Vol.  LII,  1896. 
A.    Sauer  :      Geologische   Specialkarte    des    Grossherzogthums    Baden, 

Erlauterungen  zu  Blatt  Gengenbach.     Heidelberg,  1894,  pp.  87. 
A.  Sauer  :     Ibid.     Erlauterungen  zu  Blatt  Oberwolfach-Schenkenzell. 

Heidelberg,  1895,  pp.  76. 

F.  Schalch  :     Ibid.     Erlauterungen  zu  Blatt  Petersthal-Reichenbach. 

Heidelberg,  1895,  pp.  82. 
A.  ANDREyK  and  A.  Osann  :    Ibid.    Erlauterungen  zu  Blatt  Heidelberg. 
Heidelberg,  1896,  pp.  60. 

G.  Klemm  :     Beitrage  zur   Kenntniss   des  krystallinen   Grundgebirges 

im  Spessart.    Abh.  der  Gross.  Hessischen  Geologischen  Landesan- 
stalt  zu  Darmstadt.     1895,  pp.  87. 

In  one  of  the  oldest  and  best  known  of  the  German  universities 
there  is  delivered  annually  a  very  able  and  exhaustive  course  of  lectures 
on  petrography,  in  which  no  less  than  fourteen  lectures  are  devoted  to 
a  presentation  of  our  knowledge  of  the  single  rock,  granite,  but  it  is 
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nevertheless  somewhat  depressing  to  consider  on  how  many  important 
questions  connected  with  this,  the  most  common  and  ordinary  of  all 
the  plutonic  rocks,  there  are  still  grave  differences  of  opinion  among 
those  justly  considered  as  authorities.  Thus  all  do  not  agree  even  as 
to  the  order  of  the  cr^'stallization  of  the  constituents  of  the  rock,  some 
holding  that  there  are  two  generations  and  others  that  there  is  but  one, 
while  again  a  marked  difference  of  opinion  exists  concerning  the  effects 
produced  by  granite  upon  the  rocks  through  which  it  is  intruded. 

As  the  result  of  a  whole  series  of  careful  studies  on  various  contact 
zones,  chieflv  in  Germanv,  Austria,  and  Scandinavia,  it  is  commonlv 
believed  in  these  countries  that  the  granite  magma,  by  its  heat,  pres- 
sure and  escaping  vapors,  catises  a  recrystallization  of  the  country  rock, 
the  process  being  one  of  diagenesis,  the  granite  giving  nothing  to  the 
rock  through  which  it  breaks,  except  in  places,  perhaps,  a  small  amount 
of  boracic  acid. 

In  France,  however,  and  everywhere  within  the  French  ** sphere  of 
influence"  different  opinions  prevail,  and  it  would  actually  appear 
from  the  studies  made  in  these  parts  of  Europe  that  the  laws  of  nature 
changed  upon  crossing  the  political  boundaries.  Contact  zones  have 
been  described  by  Barrois,  Michel-Levy,  Delage,  and  other  French 
petrographers,  in  which  the  country  rock  adjacent  to  the  granite  has 
become  completely  "granitized"  by  the  transfusion  of  granitic  material 
into  it,  and  in  a  well-known  paper  by  Michel-Levy,  which  appeared  in 
1887,'  he  stated  it  as  his  belief  that  by  this  process  gneisses,  leptynites, 
dolomitic  schists  and  amphibolites,  indistinguishable  from  those  of  the 
Archaean,  are  produced,  and  that  in  fact  the  so-called  primitive  rocks 
have  really  originated  in  this  way,  by  the  intrusion  of  igneous  rocks 
into  clastic  sediments,  which  sediments  have  undergone  a  profound 
metamorphosis  with  the  addition  of  an  immense  mass  of  material,  the 
process  being  essentially  one  of  a  metasomatosis. 

In  the  first  section  of  the  Bulletin,  whose  title  is  given  above, 
Michel-L^vy  describes  an  additional  contact  zone  of  this  kind  occurring 
about  the  granite  of  Flamanville,  which  granite  cuts  shales,  sandstones, 
and  quartzites,  chiefly  of  Silurian  and  Devonian  Age.  On  approaching 
the  granite  the  shales  present  successively  the  usual  zones  of  the  spot- 
ted clay  slate,  micaceous  clay  slate,  and  hornstone,  but  in  the  vicinity 
of  the  actual  contact  they  are  broken  up,  eaten  into,  and  partially  dis- 

"Sur  Tori^ine  des  terrains  cristallins  primitifs.     Bull.  Soc.  G<5oI.  de  France,  ^'^ 
l«S7,  103. 
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solved  by  the  granite,  which  holds  many  inclusions  and  also  injects 
itself  into  the  rock  in  narrow  veins  —  lit  par  lit — along  its  plains  of 
lamination  or  foliation,  altering  it  intensely  and  at  the  same  time 
giving  to  it  a  granitic  character.  In  the  second  half  of  the  Bulletin 
the  author  presents  some  observations  on  granites  in  general,  more 
especially  in  relation  to  their  contact  effects,  reaffirming  and  some- 
what enlarging  upon  the  views  put  forward  by  him  in  1887.  He  holds 
that  the  conclusions  arrived  at  by  Rosenbusch  and  commonly  held  by 
petrographers,  that  feldspar  is  not  usually  produced  in  contact  zones 
except  in  comparatively  small  amount  by  the  diagenesis  of  the  altered 
rock,  and  that  there  is  no  transfusion  of  granitic  material  into  the 
invaded  rock,  although  true  of  the  individual  contact  zones  investi- 
gated, are  not  true  of  contact  zones  in  general,  but  that  there  is  fre- 
quently developed  immediately  along  the  contact  a  zone  in  which 
an  intimate  admixture  of  the  granitic  material  with  that  of  the 
injected  rock  is  a  dominant  characteristic.  This  admixture  is  brought 
about  in  part  by  the  injection  of  the  granite  in  thin  layers — lit  far  lit — 
into  the  stratified  rock  parallel  to  its  lamination,  in  part  by  a  transfu- 
sion in  some  obscure  way  by  means  of  mineralizing  solutions  of  the 
elements  of  quartz  and  feldspar  through  the  schists,  causing  these 
minerals  to  crystallize  out  through  the  substance  of  the  altered  rock, 
and  in  part  by  the  actual  solution  of  the  injected  rock  in  the  granite 
magma.  In  this  zone,  which  in  ordinary  granite  intrusions  is  usually 
but  a  few  yards  in  width,  there  can  be  found  all  the  rocks  characteristic 
of  the  great  regions  of  crystalline  schists — mica  schists,  granulites, 
gneisses,  amphibolites,  etc.,  formed  by  the  action  of  the  granite  on  the 
ordinary  sedimentary  strata  of  the  earth's  crust. 

This  zone,  moreover,  although  often  narrow  as  exposed,  where  the 
deeper  seated  parts  of  the  "appareils  granitiques"  are  laid  bare  to  our 
study  by  the  process  of  denudation,  is  found  to  become  much  wider 
and  often  of  great  stratigraphical  importance.  Barrois  is  cited  as 
having  found  in  Brittany  cases  where  there  has  been  an  undoubted 
transformation  of  whole  districts  of  Cambrian  schists  into  gneiss  by 
the  process  of  **granitization  "  above  referred  to,  it  being  possible  to 
follow  bands  of  (juartzite  which  resist  the  general  **  feldspathization" 
from  the  margin  of  the  area  into  parts  of  the  district  where  the  asso- 
ciated schists  have  been  completely  transformed  into  gneiss. 

The  work  of  Duparc  and  M razee,  on  the  massiv  of  Mont  Blanc  is 
also  cited  as  affording  conclusive  demonstration  of  similar  transforma- 
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tion,  while  the  gneissic  zone  about  the  granulite  of  the  Saxon  Granu- 
litgebirge  is  cited  as  another  case  in  point.  It  is  believed  that  the 
granite  magma  first  rises  along  lines  of  fracture  in  the  crust.  Its 
presence  leads  to  a  heating  of  the  rock  into  which  it  is  injected,  and 
its  intrusion  is  accompanied  by  a  ^^circulation  intense^^  of  mineralizing 
fluids,  probably  rich  in  alkalis.  These  produce  at  first  a  transference 
of  quartz  from  one  part  of  the  mass  to  another  and  the  development  of 
biotite,  which  is  a  marked  feature  in  contact  zones.  Then  follows 
"  feldspathization,*'  which  commences  by  the  development  of  little 
strings  of  quartz  and  feldspar  following  for  the  most  part  the  schistos- 
ity  of  the  invaded  rock,  and  which  grow  in  size  until  the  whole  mass 
of  the  schist  is  transformed  into  granite,  the  texture  of  the  schist  being 
broken  down  and  its  elements  set  in  motion  to  form  with  the  trans- 
fused material  new  combinations.  The  granitic  magma  or  emanations 
thus  slowly  dissolve,  alter  or  incorporate,  whichever  we  may  choose  to 
call  it,  the  wall  rock,  transforming  it  first  into  a  gneiss,  then  into  a 
gneissic  granite,  and  finally  into  a  granite.  The  original  intrusion  thus 
slowly  enlarges  its  boundaries  and  increases  its  volume. 

This  process,  we  are  told,  is  at  work  wherever  granitic  magmas 
come  in  contact  with  clastic  rocks  in  the  deeper  parts  of  the  earth's 
crust,  and  it  is  thus  that,  as  before  mentioned,  the  crystalline  schists 
are  produced.  The  granite  does  not  therefore,  as  Suess  has  supposed, 
fill  great  cavities  in  the  earth's  crust  which  have  been  produced  by  tan- 
gential stresses,  thus  giving  rise  to  batholites,  but  starting  from  some 
line  of  fracture  eats  its  way  into  the  surrounding  rocks  and  develops 
itself  largely  at  their  expense  in  the  way  above  described. 

According  to  Professor  Duparc  and  his  associates,  this  process  of 
granitization  plays  a  very  important  role  in  the  development  of  the 
crystalline  rocks  of  the  Mont  Blanc  massiv.  This  massiv  has  usually 
been  considered  as  composed  of  protogine,  that  is  of  a  somewhat  altered 
granite,  massive  in  the  center  and  progressively  more  gneissic  or  schis- 
tose as  the  outer  portions  are  approached,  the  whole  enveloped  by  a 
mantle  of  mica  schists.  These  mica  schists  contain  bands  of  amphib- 
olite,  eclogite,  and  other  similar  rocks  found  in  corresponding  posi- 
tions about  other  protogine  masses  elsewhere  in  the  Alps. 

Messrs.  Vallet  and  Duparc  have  however  found  that  the  central  part 
of  the  massiv  is  composed  largely  of  various  micaceous  gneisses  and 
crystalline  schists,  associated  with  and  invaded  by  the  protogine  and 
even   passing  into  a  protogme  gneiss.     Some  of  these  included  rocks 
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are  very  basic  and  cannot  therefore,  it  is  thought  by  the  authors,  be  in 
any  way  considered  to  be  derived  from  the  protogine  by  dynamic 
action,  but  are  to  be  considered  as  sediments,  depressed  by  a  synclinal 
fold  and  bounded  by  the  protogine  on  either  side.  The  whole  series 
of  rocks,  both  protogine  and  surrounding  schists,  are  penetrated  by  a 
series  of  more  recent  granite  veins  or  dykes,  and  these  it  is  believed 
have  brought  about  the  profound  metamorphism  of  the  surrounding 
rocks,  injecting  and  "granitizing  the  schists  everywhere  in  the  vicinity 
of  the  protogine,  so  that  the  gneissic  zone  which  immediately  borders 
the  protogine  is  not  in  any  way  connected,  genetically,  with  the  pro- 
togine itself,  but  results  from  the  profound  alteration  of  the  mica 
schists  surrounding  the  protogine  by  these  newer  granite  dykes.  The 
varying  character  of  .the  different  schistose  rocks  in  this  gneissic  zone 
is  considered  to  be  due  to  the  varying  resistance  offered  to  this  "granit- 
izing"  action  by  the  different  beds  in  question.  Thus,  for  instance, 
the  eclogites  retain  their  basic  character  and  have  not  been  transformed 
into  orthoclase  gneiss,  because  they  are  too  compact  to  allow  of  a  free 
circulation  through  them  of  the  solutions  producing  the  alteration.  In 
the  paper  by  Duparc  and  Mrazec,  a  number  of  analyses  of  the  several 
varieties  of  protogine  and  granitized  schists  are  given. 

The  crystalline  schists  of  eastern  Sutherland,  described  by  Messrs. 
Home  and  Greenly,  consist  of  a  series  of  gneisses,  granulites,  mica 
schists,  etc.,  some  few  members  of  which  show  conclusive  evidence  of 
a  sedimentary  origin  while  the  origin  of  others  is  doubtful.  The  whole 
series  has  been  intensely  deformed.  Not  a  cubic  inch  can  be  found 
which  has  not  suffered  deformation,  but  distinct  cataclastic  structure 
is  not  seen,  so  that  recrystallization  must  have  taken  place  during  or 
after  the  movements.  The  series  is  invaded  by  masses  of  intrusive 
granite,  which  have  broken  across  the  schists,  anastomozing  through 
them  and  often  penetrating  them  as  a  series  of  thin  leaves,  parallel  to 
their  foliation,  in  the  manner  termed  by  the  French  writers  lit  par  lit 
injection.  The  boundary  between  the  injecting  granites  and  the  schis- 
tose series  is  often  rather  ill-defined,  owing  to  the  fact  that  the  granitic 
constituents  seem  to  interlock  with  those  of  the  wall  rock  with  which 
they  are  in  contact.  The  granite  never  shows  any  finer  grained  sahl- 
band,  indicating  injection  to  a  cold  rock,  but  is  usually  coarse-grained 
and  pegmatitic  on  the  borders.  It  seems  reasonable  to  infer,  therefore, 
that  the  igneous  material  was  introduced  when  earth  movements  were 
in  progress  and  when  the  country  rock  was  at  a  high  temperature. 
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On  approaching  large  masses  of  granite,  the  schistose  series 
becomes  more  highly  altered,  sillimanite  and  other  contact  minerals 
making  their  appearance,  but  the  invaded  rocks  often"  take  upon  them- 
selves a  character  so  closely  resembling  that  of  the  invading  granite  as 
to  "amalgamate  the  two  rocks  into  one  great  gneissose  complex." 
Thus  the  foliation  of  the  invading  granite,  which  can  often  be  seen  to 
be  parallel  to  that  of  the  invaded  gneisses,  is  in  many  cases  certainly 
due  to  the  biotite  foliae  of  the  latter,  having  retained  their  original 
position,  while  the  associated  "quartzo-feldspathic  elements  have  beer 
incorporated  with  those  of  the  granite,"  as  every  gradation  can  be 
traced  from  inclusions  retaining  their  natural  orientation  to  the  merest 
trains  of  mica  flakes  in  a  granitic  rock.  In  other  cases,  however,  the  * 
foliation  of  the  invading  granite  does  not  coincide  with  that  of  the 
invaded  gneiss  but  cuts  it.     Powerful   movements  were    the  "initial 

cause  of  the  whole  series  of  phenomena With  regard  to  the 

granites,  it  is  difficult  to  believe  that  they  are  wholly  foreign  matter; 
though  here  it  is  necessary  to  observe  the  utmost  caution,  the  chemical 
difficulties  being  so  great."  Although  Messrs.  Home  and  Greenly  are 
guarded  in  their  statements,  their  studies  being  rather  general  in  char- 
acter, it  is  clear  that  they  believe  the  processes  at  work  to  be  very 
similar,  if  not  identical  with,  those  described  by  Michel-Ldvy  and 
Duparc. 

The  views  put  forward  in  these  papers  lead  us  back  to  the  time  of 
Hutton,  who,  in  his  Theory  of  the  Earth  states  that  the  kind  of  gran- 
ite which  shows  banding  and  foliation  is  probably  an  altered  sediment, 
the  foliation  being  a  survival  of  the  bedding  of  the  original  rock.  This 
fact,  however,  does  not  by  any  means  discredit  the  view  as  many  of 
Hutton's  opinions  after  long  neglect  have  finally  proved  to  be  correct. 
The  views  also  have  certain  features  in  common  with  the  crenitic 
hypothesis  of  Hunt.  The  whole  process  is,  however,  very  recondite 
and  mysterious  in  character. 

One  of  the  great  difficulties  in  the  way  of  the  acceptance  of  these 
views  is  the  absence  of  chemical  proof.  In  those  contact  zones  on 
which  accurate  chemical  work  hgis  been  done,  it  has  been  shown  that 
no  considerable  transference  of  material  has  taken  place.  In  these 
other  cases  where  this  enormous  transference  of  material  is  assumed, 
no  accurate  chemical  work  seems  to  have  been  carried  out  to  support 
the  contentions.  In  Duparc's  work,  as  has  been  mentioned,  a  number 
of  analyses  of  various  normal  and  "granitized"  rocks  are  given,  but 
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no  attempt  is  made  to  follow  out  the  changes  undergone  by  a  single 
bed,  and  it  is  impossible  to  make  out  in  how  far  the  differences  in 
composition  shown  to  exist,  are  primary  differences  in  the  composition 
of  the  rocks  analyzed.  The  chemical  evidence  adduced  is,  therefore, 
by  no  means  conclusive.  The  question  also  arises  as  to  the  ultimate 
source  of  the  enormous  amounts  of  silica  and  alkalis  required  for  the 
conversion  of  hundreds  of  cubic  miles  of  the  miscellaneous  rocks  of  a 
sedimentary  system  into  granite. 

It  is  furthermore  a  question  as  to  how  far  dynamic  action  is  respon- 
sible for  many  of  the  phenomena  described.  When,  for  instance,  a 
schist  is  shattered  and  granite  is  intruded  into  the  cracks  and  fissures, 
masses  of  the  invaded  rock  being  found  scattered  through  the  granite, 
and,  after  cooling,  the  whole  complex  is  stretched  or  rolled  out  by 
dynamic  movements,  as  is  usually  the  case  in  districts  where  crystalline 
schists  occur,  the  injected  arms  of  the  granite,  great  and  small,  become 
pulled  apart  and  eventually  appear  as  little  discontinuous  strings  and 
lumps  of  quartz  and  feldspar  in  the  enclosing  schists,  following  the 
line  of  movement,  while  a  schistose  structure  parallel  to  these  strings 
is  given  to  the  whole  rock  by  the  same  movements. 

In  certain  parts  of  the  Laurentian  of  Canada,  schists  and  gneisses 
are  found  full  of  such  strinijs  and  lumps  of  quartz  and  feldspar,  pre- 
senting exactly  the  characters  described  by  the  French  petrographers  as 
resulting  from  the  granitization  of  sedimentary  rocks.  The  Canadian 
rocks,  however,  have  undoubtedly  been  produced  in  the  way  just 
described,  every  possible  transition  from  the  massive  injection  to  the 
foliated  complex  being  observed  in  a  hundred  different  cases.  In  the 
Lepontine  Alps,  moreover,  to  the  east  of  Mont  Blanc,  where  the  Schie- 
ferhulle  of  the  several  protogine  masses  have  been  very  carefully 
studied  by  Heim,  Schmidt,  and  many  other  observers,  the  phenomena 
attributed  to  "granitization"  by  Duparc  are  everywhere  considered  to 
be  the  results  of  crushing  under  the  influence  of  such  movements, 
with,  in  certain  cases,  the  infiltration  of  secondary  cracks  and  rifts  by 
materials  deposited  from  ordinary  terrestrial  waters,  which  in  such 
positions  would  probably  be  more  or  less  heated.  Even  in  the  Saxon 
Granulitgebirge,  cited  by  Michel-L^vy  as  a  case  where  transference  of 
material  could  be  distinctly  observed,  and  where  certainly  the  granulite 
does  seem  to  have  eaten  its  way  into  the  schists,  only  however  for  a 
short  distance  back  from  the  immediate  contact,  the  appearance  pre- 
sented bearing  a  striking  resemblance  to  that,  very  familiar  to  the  tyro 
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here  ir.d  there  in  5>'>t*  ind  streiti :  Leh=iir.z.  •■^h:'  hji  ziice  a  most 
€xLa-::^t:ve  *t.:cy  of  the  vhole  rez".on  p>:>;r-t5  t:-  the  £2»;t  thit  this  zone 
-.5  not  ilwivi  present,  ind  stitc<  :t  to  b-e  his  relief  thit  the  zranitic 
tifciter-.il  fomiin^  the /£i«f w-^f  m  the  schist  his  not  be«n  derived  from 
the  ^r^nulite  mi^ma.  b-t  :s  d.;e  to  the  cei»s:tM»a  o:  the  zraniiic 
niater.al  :n  spices  forz^ed  i-y  the  sep^rition  of  the  rolix  of  die  schist, 
under  the  iTea.t  stresses  to  whxh  the  region  Lis  "c**n  subjected,  the 

mm  .  « 

zran:t:r  ir.iterlil  in  question  hiving-  been  derived  frozi  liter  intrusions 
which  elsewhere  cin  be  clearly  seen  to  ctit  the  zraii::l:te.  From  per- 
sonal obser-.-af.on.  however.  I  m-st  siy  that  appearances  are  stronglr 
in  favor  of  Naun-ann's  view,  that  alonz  the  narrow  zone  of  the  imme- 
diate contact  the  zranulite  niaznia  has  eaten  into  the  schist  to  a  certain 
distance,  a  phenon:enon  which  is  i^uite  intelligible  and  perhaps  in  cer- 
tain cases  to  be  expected,  b'lt  which  is  quite  distinct  from  the  whole- 
sale transformation  of  the  schist  into  zranite  bv  the  mysterious  process 
of  "•  granitization." 

In  how  far  this  process  of  transfusion  which  is  considered  by 
Michel- Levy  and  other  French  geolo^rists  to  play  so  important  a  part  in 
the  origin  of  the  ciystailine  schists  is  really  active,  must  be  determined 
by  detailed  studies  of  the  deeper  seated  granite  contacts  and  of  the 
so-called  Archean  areas  in  various  parts  of  the  world. 

Such  studies  in  the  case  of  .\rchean  areas  are  presented  in  the 
recent  maprs,  with  accompanying  explanatory  texts,  issued  by  the  geo- 
losrical  survev  of  Baden,  and  whose  titles  are  siven  above.  This  survcv. 
following:  the  lead  of  those  of  Prassia,  Saxonv.  and  Hessen.  was  con- 
stituted  in  i8S8  for  the  purpose  of  mapping  in  detail  the  Grand  Duchy 
of  Baden,  an  area  of  5S43  square  miles,  on  a  scale  of  -fyH^-  ^^^  ^^^^ 
pur|>ose  the  territory  in  question  has  been  divided  into  170  sections. 
Work  was  begun  in  1SS9  and  maps  of  twelve  sections  have  already 
been  published.  As  about  one-quarter  of  the  Grand  Duchy  of  Baden 
is  underlain  by  Grundgebirge  including  the  well-known  area  of  the 
Black  Forest,  ample  opportunity  is  given  for  a  thorough  study  of  these 
ancient  rocks.  Six  of  the  maps  already  published  are  in  areas  of  the 
Grundgebirge :  of  these  three  have  been  mapped  by  Dr.  Sauer.  to  whom 
we  are  alreadv  indebted  for  his  valuable  contributions  to  our  knowl- 
edge  of  the  ancient  cr)-stalline  rocks  of  Saxony.  The  maps  are  among 
the  best  which  have  yet  appeared  of  any  .\rchean  region,  and  serve  to 
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bring  out  clearly  the  complex  relations  of  the  several  members  of  the 
system. 

Two  distinct  classes  of  gneissic  rocks  are  recognized  in  the  areas 
examined,  in  addition  to  the  numerous  intrusions  of  igneous  rocks  of 
various  kinds.  To  each  of  these  classes  a  collective  name  has  been 
assigned,  taken  from  a  locality  where  it  is  well  exposed;  the  first 
being  known  as  the  Rensch  Gneiss  and  the  second  as  the  Schapbach 
Gneiss.  A  few  of  the  most  notable  varieties  of  each  class  of  rock  are 
distinguished  in  mapping,  but  no  attempt  is  made  to  map  separately 
the  bewilderingly  numerous  and  minute  petrographical  variations  of 
the  gneissic  rocks  attempted  in  the  survey  of  Saxony.  The  Rensch 
gneisses  consist  chiefly  of  orthoclase,  biotite,  and  quartz.  The  mica 
is  usually  abundant,  and  sillimanite  is  a  characteristic  accessory  con- 
stituent, often  occurring  as  a  paramorph  after  andalusite.  Garnet  and 
sphene  are  seldom  found.  The  rock  often  shows  in  the  arrangement 
of  the  constituents  a  structure  similar  to  that  seen  in  the  hornstones  of 
contact  zones.  The  presence  of  small  lenticular  segregations  of  quartz, 
or  of  quartz  and  orthoclase,  scattered  through  the  rock  is  also  a  char- 
acteristic feature  of  the  gneisses  of  this  class.  Conformably  inter- 
banded  with  these  Rensch  gneisses  are  subordinate  masses  of  quartz 
schist,  graphitoid  schists  and  gneisses,  pyroxene  gneisses  and  amphib- 
olites. 

The  Schapbach  gneisses  are  much  more  uniform  in  character, 
usually  poorer  in  mica,  and  have  a  marked  tendency  to  assume  a 
granitic  aspect,  often  passing  over  into  granulites.  Quartz  lenses  and 
fine-grained,  highly  quartzose  bands  are  absent,  but  garnet  and  orthite 
are  frequently  present.  The  only  inclusions  found  in  the  gneisses  of 
this  class  consist  of  a  gabbro-like  amphibolite.  The  gneisses  of  the  two 
classes  sometimes  seem  to  pass  into  one  another  along  the  contacts, 
but  the  distinction  is  usually  sufficiently  well  marked  to  enable  them 
to  be  properly  separated  in  mapping. 

Although  no  direct  expression  of  opinion  concerning  the  origin  of 
these  gneisses  is  given  in  the  publications  in  question,  it  seems  to  be 
the  opinion 'of  the  survey  that  the  two  classes  probably  differ  in  origin, 
the  Rensch  gneisses  representing  highly  altered  sediments  and  the 
Schapbach  gneisses  being  of  igneous  origin.  The  chemical  evidence 
afforded  by  a  number  of  analyses  of  typical  gneisses  of  each  series 
which  are  given,  tend  to  support  this  view  as  does  also  the  structure  of 
the  rocks,  and  the  character  of  the  subordinate  intercalated  masses  in 
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the  case  of  the  Rensch  Gneiss.  The  evidence  one  way  or  the  other 
will,  however,  be  greatly  extended  as  the  mapping  with  concomitant 
chemical  investigation  progresses,  and  the  Director  of  the  survey,  Pro- 
fessor Rosenbusch,  evidently  desires  to  await  this  further  evidence 
before  making  any  decided  statements  concerning  the  genetic  relation- 
ships of  the  complex.  If  the  Rensch  gneisses  prove  to  be  altered 
sedimentary  rocks  their  high  content  of  feldspar  and  the  presence  in 
them  everywhere  of  lenticular  masses  and  strings  of  quartz  and  feldspar 
will  certainly  be  cited  by  the  French  authorities  as  evidences  of  "grani- 
tization."  But  two  questions  remain  to  be  decided  —  first,  whether  the 
high  content  in  feldspar  is  not  due  to  a  high  content  of  alkalis  in  the 
original  sedimentary  rocks,  these  having  been  perhaps  of  the  nature  of 
feldspathic  sandstones,  arkoses  and  greywackes,  and  secondly,  whether 
the  strings  and  lenses  of  quartz  or  quartz  and  feldspar  do  not  fill 
spaces  opened  by  the  dynamic  movements  to  which  the  rocks  have  been 
subjected,  quite  independent  of  any  granitic  intrusion.  Whether  in 
fact  any  mysterious  cementation-like  transfusion  of  granitic  material 
through  these  rocks  has  really  taken  place.  The  detailed  chemical  work 
which  is  now  being  carried  out  will,  when  completed,  undoubtedly 
decide  whether  the  supposed  altered  sediments  have  or  have  not  a 
composition  which  can  be  attributed  to  a  sedimentary  series. 

A  similar  twofold  origin  is  claimed  by  Klemm  for  the  crystalline 
Grundebirge  of  the  Spessart,  although  here  the  sedimentary  portion  is 
believed  to  be  of  late  Palaeozoic  age  and  is  possibly  equivalent  to  a 
series  of  schistose  hornstones,  graphite  schists  and  garnet  rocks,  quite 
distinct  from  the  gneissic  series  of  the  Black  Forest,  which  were  found 
by  Andreae  and  Osann  in  the  Odenwald  to  the  north  of  Heidelberg. 

These  studies  bearing  upon  the  vexed  question  of  the  origin  of  the 
crystalline  schists  have  at  present  an  especial  interest  for  petrographers 
in  America,  where  such  enormous  areas  of  these  rocks  are  now  under 
investigation.  Frank  D.  Adams. 


Glaciers  of  North  America,  a  Reading  Lesson  for  Students  in  Geog- 
raphy and  Geology.  By  Israel  C.  Russei  l.  Boston  :  Ginn 
&  Co.,  1897. 

The  preparation  of  a  work  of  this  high  grade  by  a  busy  university 
professor  of  large  professional  experience  and  demonstrated  investi- 
gative   ability,  as  a   reading    lesson   for   students   of  geography  and 
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geology,  is  worthy  of  special  note  as  one  of  the  signs  of  the  educa- 
tional times.  It  is  significant  both  as  an  indication  of  a  demand  and 
as  exemplifying  a  supply.  It  is  a  gratifying  mark  of  progress  that 
there  should  have  grown  to  be  a  place  for  a  work  of  this  character  as 
a  supplement  to  the  usual  treatises  on  geography  and  geology.  It  is 
a  not  less  gratifying  mark  of  progress  that  such  a  demand  should  be 
appreciated  and  met  by  a  careful  and  competent  scientist,  of  high 
position. 

The  work  opens  with  a  clear  and  brief  statement  of  the  nature  of 
glaciers,  and  of  their  varieties  and  of  the  work  done  by  them.  Their 
distribution  in  North  America  is  then  sketched  comprehensively,  after 
which  individual  glaciers  and  glacial  districts  are  described  in  detail. 
It  is  in  the  study  of  these  glaciers  individually,  aided  by  the  numerous 
photographic  illustrations,  that  the  real  characters  of  glaciers  will  come 
to  be  realized  by  the  students.  The  average  reader  will  doubtless  be 
surprised  at  the  number,  variety  and  instructiveness  of  American 
glaciers.  They  very  greatly  surpass  those  of  all  other  accessible  conti- 
nents. 

Following  the  individual  descriptions  are  chapters  on  the  climatic 
changes  indicated  by  the  glaciers  of  North  America,  upon  the  cause 
and  mode  of  glacial  motion,  and  upon  the  life  history  of  a  glacier. 
The  discussions  of  theoretical  questions  are  conservative  and  judicial 
in  tone,  and  manifest  a  notable  tendency  to  eclectic  conclusions.  Pro- 
fessor RusselTs  comprehensive  statement  of  the  various  hypotheses  of 
glacial  motion  will  doubtless  be  found  one  of  the  most  interesting 
sections  of  the  volume  by  advanced  glacial  students.  The  work  is 
heartily  commended  to  teachers  and  general  readers  as  well  as  students. 

T.  C.  C. 


Former  Extension  of  Cornell  Glacier  near  the  Southern  end  of  Melville 
Bay.     By  Ralph  S.  Tarr.     Bull.   Geol.  See.  Anier.,  Vol 
VIII.  pp.  251-268.     Plates  XXV  to  XXIX.  March  1897. 

An  abstract  of  this  paper  was  given  in  the  January-February  num- 
ber of  this  Journal,  pp.  95-96.  An  editorial  relative  to  it  appeared 
in  the  same  number,  pp.  81-85.  Communications  in  reference  to  it 
have  also  appeared  in  Science^  Vol.  V,  No.  113,  February  26,  p.  344; 
No.  114,  March  5,  pp.  400-401,  and  No.  117,  March  26,  pp.  515-516. 
This  further  notice  is  introduced  mainly  for  the  purpose  of  presenting 


Jt£y/£IVS 


305 


to  the  readers  of  the  Journai,  the  chief  photograph  of  the  paper  for 
comparison  with  those  previously  presented  in  this  Journal  in  the 
series  entitled  "  Glacial  Studies  in  Greenland."  It  need  only  be  added 
that  Professor  Tarr  regards  this  photograph  as  presenting  a  "rugged, 
angular  topography,"  and  offers  it  with  similar  photographs  in  sub- 


lopDgraphy. 


stantiation  of  his  claim  ihnt  topographic  contours  cannot  be  trusted 
as  indices  of  giacialion.  As  glaciation  seems  to  the  reviewer  to  be 
expressed  with  much  clearness  and  definiteness  in  the  contours  of  the 
promontory  here  cited  as  a  proof  to  the  contrary,  it  seems  the  faii^sst 
mode  of  review  to  reproduce  the  photograph  and  permit  geologists  to 
judge  for  themselves.  For  comparison  there  is  added  a  photographic 
illustration  of  Dalrymple  Island,  which  has  been  previously  published 
in  this  Journal  as  an  illustration  of  unglaciated  asperities.  The 
reviewer  does  not  see  how  anyone  trained  in  glacial  topography  can 
fail  to  see  glacial  modilicalion  in  the  one  and  the  absence  of  it  in  the 
other.  The  humorous  feature  of  the  issue  raised  in  the  paper  and 
the  outgrowing  discussion  is  that  contours  of  the  type  illustrated  by 
Professor  Tarr's  photographs  were  identified  as  moderately  glaciated 
by  those  whose  conclusions  he  seeks  to   overthrow  and  his  observa- 
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tions  of   the  drift  and  other  positive  indices  confirm  the  correctness 
of  their  identifications. 

It  is  infelicitous  to  call  the  promontory  in  the  photograph  the 
Devil's  Thumb.  The  author  remarks  in  a  footnote:  "This  is  the 
DeviTs  Thumb  as  given  on  the  Danish  and  British  Admiralty  charts. 


Fk;.  2.     Devil's  Thumb,  S.E.»*E.  (True)  S.S.W.>^W.  (Mag^.)  (Legend  on  British 

Admiralty  Chart.) 

The  real  DeviTs  Thumb  of  the  Arctic  explorers  is  some  forty  or  fifty 
miles  north  of  this"  (p.  254).  The  true  Devil's  Thumb  is,  however, 
sketched  on  the  British  Admiralty  chart  and  the  sketch  there  given  is 
herewith  reproduced.  It  is  topographically  an  object  of  a  very  dif- 
ferent order  from  the  promontory  of  the  photograph.  As  it  has  been 
cited  in  the  articles  in  this  Journal  in  its  bearings  upon  the  limita- 
tions of  glaciation,  it  seems  unfortunate  to  introduce  another  Devil's 
Thumb  of  so  different  a  nature.  Confusion  has  already  arisen  by  rea- 
son of  this.  An  error  in  the  location  of  the  Devil's  Thumb,  in  a 
region  where  the  charts  are  confessedly  inaccurate,  does  not  seem  to 
us  to  justify  the  transfer  of  the  name  to  the  false  location. 

The  author  makes  passing  mention  of  the  driftless  area  in  the 
Inglefield  Gulf  region,  and  although  he  declines  to  discuss  it,  as  it  was 
not  seen  bv  him,  he  remarks  in  a  footnote  that  "he  cannot  let  this 
opportunity  pass  without  raising  the  query  whether  the  topography  in 
the  neighborhood  of  the  Greenland  driftless  area  is  not  such  that  an 
area  of  this  sort  would  naturally  be  expected.  Was  not  the  move- 
ment of  the  ice  outward  and  the  main  stream  down  the  Inglefield 
Gulf  ?  And  is  not  the  driftless  area  located  in  the  place  where  the 
high  Red  Cliff  peninsula  would  naturally  have  clogged  the  ice  and 
hence  prevented  its  action  of  erosion  and  notable  transportation  ?" 
The  driftless  area  is  part  of  the  same  ancient  peneplain  as  the  summit 
of  the  Red  Cliff  peninsula  (Jour.  Geol.,  pp.  205-206,  Vol.  Ill,  1895). 
It  lies  on  the  east  side  of  Red  Cliff  peninsula  (see  map  on  p.  668,  Vol.  II, 
Jour.  Geol.).  It  \\^^  between  it  and  the  great  iee-cap.  It  is  separated 
from  the  peninsula  by  the  valley  of  Bowdoin  Bay  about  two  miles 
wide  and  2000  feet  deep.  How  an  isolated  part  of  a  peneplain  can 
protect  from  glaciation  another  part  of  the  same  plain  lying  between 
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it  and  the  source  of  the  glacial  motion,  and  several  miles  distant,  is 
not  easily  understood.  The  suggestion  does  not  seem  to  have  sprung 
from  a  serious  consideration  of  the  conditions  of  the  problem. 

T.  C.  C. 


Report  on  the  Valley  Regions  of  Alabama  { Pa  la:ozoic  Strata),  Part  I , 
On  the  Tennessee  Valley  Regions,     By  Henry  McC alley. 

The  palaeozoic  area  in  northern  Alabama  may  be  divided  into  two 
regions.  That  to  the  northwest,  drained  chiefly  by  the  Tennessee 
River  and  its  tributaries,  is  characterized  by  the  nearly  horizontal  and 
undisturbed  condition  of  the  strata.  The  region  to  the  southeast, 
drained  by  the  Coosa  River,  is  a  region  of  greater  disturbance  with  the 
geologic  features  much  complicated  by  the  folding  and  faulting  of  the 
strata.  The  first  of  these  regions  is  described  in  the  present  report ; 
part  two  of  the  report,  not  yet  published,  will  treat  of  the  second  or. 
Coosa  valley  region. 

The  report  is  divided  into  two  sections,  the  first  of  which  is  a  gen- 
eral treatment  of  the  physical  features,  geology,  natural  resources,  soils, 
agricultural  features,  timber,  waterpower,  climate,  rainfall,  drainage, 
and  health.  Much  the  larger  part  of  the  report  is  devoted  to  the  sec- 
ond section  which  treats  of  county  details. 

Chapter  two  of  the  first  section  entitled  Geology  describes  the 
stratigraphy  of  the  region  and  is  the  only  portion  of  the  report  of  gen- 
eral interest.     The  following  table  of  formations  is  given  : 

<8)  Tertiary  (k)  Lafayette 

(7)  Cretaceous  (j)    Tuscaloosa 

(6)  Carboniferous  (i)    Coal  Measures  200-500  feet 

( O  Uoner  Sub-Carboniferous  J  ^^^  Bangor  limestones.  200-450  feet 

**  /(g)  Hartselle  sandstones        150-400  feet 

j  (f)    Tuscumbia  or 

,.v  1^        c  I   r',   u      r^    .  -  1  St.  Louis  limestones        75-200  feet 

<4)  Lower  Sub-Larboniferous         -'  /  \   t       1      1  1 
^  ,  (e)   Lauderdale  or 

\  Keokuk  chert  100-250  feet 

(3)  Devonian  (d)  Black  shale  0-45  feet 

/,,  ,r  ei  Wc)  Red  Mountain  or 

(2)  L  pi)er  Silurian  {^  ^      ^i.   .      ^v-  n  .     r     . 

**  /  Cnnton  (Niagara)  3-350  feet 

(b)  Pelhani  or 

Trenton  (Nashville,    700-iooc  feet 
(a)  Siliceous  (Knox) 
(^  dolomite  and  chert  2000  feet 


(i)  Lower  Silurian 
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The  physical  characters  of  each  of  these  formations  is  briefly 
described,  though  no  lists  of  fossils  are  given  by  which  the  faunas  may 
be  compared  with  those  of  the  supposed  equivalent  strata  elsewhere. 

The  remainder  of  the  report  will  have  its  chief  interest  and  useful- 
ness among  the  local  geologists  of  the  region  described. 

Stuart  Weller. 

Final  Report  on  the  Geology  of  Mi?inesota.     Paleontology,     Vol.  Ill, 
Part  II.      Minneapolis,  Minn.,  1897. 

Part  II  of  the  Palaontology  of  Minnesota,  a  volume  of  about 
600  pages,  illustrated  by  forty-eight  plates  besides  133  figures,  has 
just  appeared.  Like  its  companion  volume,  Part  1,  it  treats  only  of 
the  Ordovician  fossils.  Besides  the  introduction,  which  is  a  paper  by 
N.  H.  Winchell  and  E.  O.  Ulrich  upon  "The  Lower  Silurian  deposits 
of  the  Upper  Mississippi  province ;  a  correlation  of  the  strata  with 
those  in  the  Cincinnati,  Tennessee,  New  York,  and  Canadian  provinces, 
and  the  stratigraphic  and  geographic  distribution  of  the  fossils,"  the 
volume  contains  the  following  papers  : 

1.  The  Lower  Silurian  Lamellibranchiata  of  Minnesota.     By  E.  O. 

Ulrich. 

2.  The  Lower  Silurian  Ostracoda  of  Minnesota.     By  E.  O.  Ulrich. 

3.  The  Lower  Silurian  Trilobites  of  Minnesota.     By  J.  M.  Clarke. 

4.  The  Lower  Silurian  Cephalopoda  of  Minnesota.     By  J.  M.  Clarke. 

5.  Thft  Lower  Silurian  Gastropoda  of  Minnesota.  By  E.  O.  Ulrich 
and  W.  H.  Scofield. 

The  first  three  of  these  papers  were  published  separately  in  small 
editions  and  distributed  during  the  period  from  June  16, 1894,  to  Sep- 
tember 27,  1894.  The  last  two  papers  appear  for  the  first  time  with 
the  publication  of  the  complete  volume. 

The  volume  supplies  a  long-felt  want  to  students  of  the  Ordovician 
faunas  of  the  West,  and  will  doubtless  be  the  standard  work  upon  these 
faunas  in  the  Mississippi  region  for  many  years.  The  author  of  the  chap- 
ters upon  the  Lamellibranchiata  and  Gastropoda  should  perhaps  have 
been  more  conservative  in  establishing  new  genera  and  species ;  how- 
ever the  classification  of  the  greater  number  of  the  classes  of  organisms 
abundantly  preserved  as  fossils  in  the  palaeozoic  rocks,  is  at  present  in 
a  transition  state,  and  any  attempt  to  make  more  natural,  and  to  give 
more  definiteness  to  their  classification  is  a  step  in  advance. 

Stuart  Weller. 
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Bulletins  of  American  Palaofttology,     Vol.  I.     Published  by  Pro- 
fessor G.  D.  Harris,  Ithaca,  N.  Y. 

The  publication  of  a  purely  palaeontological  bulletin  has  been 
undertaken  by  Professor  G.  D.  Harris,  of  Cornell  University,  and  the 
first  volume  has  just  been  completed.  The  undertaking  of  Professor 
Harris  is  truly  a  commendable  one,  and  should  receive  the  encourage- 
ment of  American  palaeontologists.  Heretofore  palaeontology  has  had, 
in  America,  no  organ  of  publication  purely  its  own.  The  literature  of 
the  subject  has  been  scattered  through  a  score  or  more  of  proceedings 
or  transactions  of  learned  societies  and  periodicals.  If,  from  now  on, 
Professor  Harris'  bulletin  meets  with  the  cooperation  of  American 
investigators  which  it  deserves,  our  literature  will  become  more  con- 
centrated and  consequently  much  more  accessible. 

The  bulletin  appears,  not  at  stated  intervals,  but  at  such  times  as 
material  may  be  ready  for  publication.  Volume  I  consists  of  five 
numbers,  which  have  appeared  at  intervals  since  May  25,  1895. 

1.  "Claiborne  Fossils,"  by  G.  D.  Harris.  Pp.  1-52.  Plate  I. 
(May  25,  1895.) 

Part  I  of  this  bulletin  is  a  "Synonymy  of  the  Claiborne  sand 
species  of  Conrad  and  Lea,  as  determined  by  an  inspection  of  the 
type  collections  now  at  the  Academy  of  Science  of  Philadelphia." 
This  paper  will  be  welcome  to  all  students  of  the  Eocene  faunas  of 
eastern  America.  The  description  of  species  from  the  Claiborne  sands 
by  the  two  authors,  Conrad  and  Lea,  during  the  same  period  of  time, 
and  without  the  slightest  recognition  on  the  part  of  either  of  the  work 
being  done  by  the  other,  brought  about  a  most  confusing  state  of 
synonymy.  Professor  Harris  has  straightened  out  this  confusion  by 
an  inspection  and  comparison  of  the  type  specimens  of  both  authors. 

Part  II  of  the  bulletin  is  a  description  of  six  new  species  from 
the  Claiborne  sand. 

2.  "  New  or  little  known  Tertiary  Mollusca  from  Alabama  and 
Texas,"  by  T.  H.  Aldrich.     Pp.  53-82.     Hates  II-VI.     (June  24,  1895.) 

3.  "  Neocene  Mollusca  of  Texas,  or  fossils  from  the  deep  well  at 
Galveston,"  by  G.  D.  Harris.  Pp.  83-114.  Plates  VII-X.  December 
2,  1895.) 

This  paper  was  noticed  in  this  Journal,  Vol.  IV,  p.  126,  and  needs 
no  further  comment. 

4.  "The  Midway  Stage,"  by  G.  D.  Harris.  Pp.  115-270.  Plates 
Xl-XXV.     (June  11,  1896.) 
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In  this  paper  it  is  shown  that  between  the  basal  Eocene  deposits, 
or  Midway  Stage,  and  the  uppermost  Cretaceous,  there  is  in  the  south- 
ern states  a  decided  break,  buth  stratigraphic  and  faunal,  so  that  not  a 
single  species  is  known  certainly  to  have  crossed  from  one  formation 
to  the  other.  These  initial  beds  of  the  Eocene  are  treated  both  geo- 
logically and  faunally  by  Professor  Harris.  The  field  investigations 
were  carred  on  in  the  states  of  Texas,  Arkansas,  Tennessee,  Mississippi, 
Alabama,  and  Georgia.  From  his  studies  Professor  Harris  is  led  to 
believe  that  a  considerable  time  interval  elapsed  between  the  close  of 
the  Cretaceous  deposition  and  the  beginning  of  the  Eocene  deposition 
in  the  Mississippi  basin,  and  that  wherever  good  contact  exposures  are 
found,  there  may  be  found,  on  careful  study,  ample  evidence  of  non- 
conformity. 

This  initial  Eocene  fauna  is  discussed  at  length,  all  the  old  species 
of  Mollusca  and  many  new  ones  are  described  and  figured. 

5.  "A  reprint  of  the  palaeontological  writings  of  Thomas  Say; 
with  an  introduction,  by  G.  D.  Harris.  Pp.  271-354.  Plates  XXVI- 
XXXH.     (December  7,  1896.) 

The  republication  of  these  papers,  originally  published  from  1 819  to 
1825,  long  since  out  of  print  and  accessible  only  in  the  larger  libraries, 
will  be  appreciated  by  all  those  who  have  had  occasion  to  refer  to  such 
literature,  and  have  been  unable  to  find  access  to  it.  The  following 
papers  are  republished,  word  for  word,  line  for  line,  and  page  for  page, 
as  written  and  punctuated  by  the  original  author : 

I  and  2.  "  Observations  on  some  species  of  zoophites,  shells,  etc., 
principally  fossil.     Am.  Jour,  Sci.^  ist  ser.,  Vols.  1  and  II  (1819-1820). 

3.  "Fossil   shells   found  in  a  shell   mass  from  Anastasia  Island." 

» 

Jour.  Acad.  Nat.  Sci.,  Phil.,  ist  ser.,  Vol.  IV  (1824). 

4.  *'An  account  of  some  fossil  shells  of  Maryland."  Jour.  Acad, 
Nat.  Set.  Phil.,  ist  ser..  Vol.  IV  (1824). 

5.  "On  two  new  genera  and  several  species  of  Crinoidea."  Jour, 
Acad.  Nat.  Sci.  Phil.,  ist  ser.,  Vol.  IV  (1825).  Stuart  Weller. 


Eocene  Deposits  of  the  Middle  Atlantic  Slope  in  Maryland,  Delaware 
and  Virginia.  By  Wm.  Bullock  Clark.  U.  S.  Geol.  Sur., 
Bull.  141,  167  pp.,  40  pis.,  1896. 

During  the  first  half  of   the  century   the  Tertiary   formations  of 
eastern  United  States  were  among  the  most  carefully  studied  and  best 
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known  deposits  of  the  country.  However,  for  nearly  two  generations 
little  has  been  done  to  extend  our  knowledge  of  these  interesting  beds. 
Since  the  brilliant  work  of  Rogers  and  Conrad  ceased  practically 
nothing  has  been  attempted  in  the  way  of  keeping  the  information 
regarding  these  strata  abreast  of  the  times.  It  is,  then,  with  peculiar 
pleasure  that  the  recent  revival  of  interest  in  these  formations  is  noted  ; 
and  none  of  the  late  contributions  is  more  welcome  than  the  one  just 
issued,  on  the  Eocene  of  the  Middle  Atlantic  region. 

The  memoir  contains  a  complete  review  of  the  literature  and 
results  of  past  observations  in  this  field.  The  author  exhaustively 
investigates  both  the  stratigraphy  and  the  fauna  of  this  important 
member  of  the  coastal  plain  series.  He  traces  the  limits  of  the  forma- 
tion from  its  most  northern  occurrence  in  Delaware  across  Maryland 
into  Virginia,  where  it  gradually  becomes  buried  beneath  later  forma- 
tions. 

A  detailed  study  of  the  300  feet  of  Eocene  deposits  in  the  central 
portion  of  the  district  shows  two  distinct  faunas,  which  are  named  the 
Aquia  Creek  and  the  Woodstock  faunas,  the  former  occupying  a 
sequence  of  beds  extending  some  60  feet  from  the  base  of  the  forma- 
tion, while  the  latter  apparently  does  not  reach  quite  to  its  upper 
limits.  The  Aquia  Creek  stage,  which  contains  an  assemblage  of  forms 
closely  allied  to  the  middle  Lignitic,  probably  stands,  with  its  under- 
lying poorly  fossiliferous  zone,  as  an  equivalent,  in  a  broad  way,  of  the 
whole  of  the  Lignitic  of  the  Gulf ;  while  the  Woodstock  stage,  which 
contains  a  group  of  forms  closely  allied  to  the  Ostrea  selUaformis  zone 
of  the  Claiborne,  stands,  with  the  overlying  and  underlying  beds,  as 
the  e(iuivalent,  in  a  broad  way,  of  the  Buhrstone  and  Claiborne,  yet  it  is 
not  assumed  that  the  lower  and  upper  beds  are  exactly  synchronous 
with  the  lowest  portions  of  the  Lignitic  and  the  highest  portions  of 
the  Claiborne.  The  much  slower  accumulation  of  the  Atlantic  coast 
materials  is  shown  in  the  fact  that  in  Alabama  more  than  600  feet  of 
deposits  are  found  between  the  two  fossiliferous  horizons  above  cited, 
while  in  Maryland  and  Virginia  a  thickness  of  but  little  over  100  feet 
is  found,  and  without  the  differentiation  into  the  fossiliferous  zones 
which  characterizes  the  Gulf  area.  The  middle  Atlantic  Slope  Eocene, 
therefore,  represents,  according  to  the  author,  only  the  Lignitic,  Buhr- 
stone, and  Claiborne  of  the  Alabama  geologists. 

These  results,  together  with  others  lately  obtained  in  a  study  of  the 
Cretaceous  strata  throw  much  light  upon  the  character  of  sedimentation 
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along  the  Atlantic  coast  during  the  late  Mesozoic  and  early  Cretaceous 
time. 

.   Regarding  the  criteria    of    correlation  which  were  followed    the 
author  significantly  remarks : 

"As  the  different  methods  of  correlation  are  examined  in  retrospect, 
the  interdependence  which  exists  between  the  various  classes  of 
physical  and  biological  criteria  becomes  clearly  manifest. 

**  The  faunal  and  floral  characteristics  of  a  formation  find  their  full 
interpretation  only  as  the  physical  factors  are  clearly  understood,  since 
the  geological  and  geographical  range  of  forms  is  determined  to  a  large 
extent  by  conditions  of  sedimentation.  The  physical  characters  of  a 
formation  therefore  bear  a  close  relationship  to  its  contained  fossils, 
and  cannot  be  ignored  in  the  correlation  of  the  deposits. 

**  Although  the  most  trustworthy  correlations  are  based  upon 
pala^ontological  data,  the  possibilities  of  variation  in  the  succession  of 
organic  forms,  in  two  distant  areas,  are  so  great  that  detailed  correla- 
tions can  seldom  be  satisfactorily  attempted,  even  where  general 
equivalence  is  recognized. 

"The  geologist,  therefore,  must  take  into  consideration  both  the 
geological  and  the  palaeontological  criteria  in  the  correlation  of  the 
sedimentary  rocks.     No  class  of  facts  can  be  ignored." 

Charles  R.  Keves. 


The  Elevated  Reef  of  Florida,  By  Alexander  Acjassiz.  With  Notes 
on  the  Geology  of  Southern  Florida.  By  Leon  S.  Griswold. 
Bull.  Mus.  Comp.  Zool.,  Vol.  XXXVIII,  No.  2  (pp.  29-62, 
26  plates). 

The  work  upon  which  this  double  paper  is  based  consists  of  a  trip 
made  by  Mr.  Agassiz  somewhat  over  two  years  ago,  and  one  made  by 
Mr.  Griswold  early  in  1896.  The  purpose  of  the  latter  was  to  clear  up 
if  possible,  some  of  the  obscurity  which  surrounds  the  geology  of  the 
Everglades.  The  paper  opens  up  much  that  is  new  in  the  story  of  the 
organic  portion  of  the  peninsula;  and  it  is  to  be  regretted  that  low 
water  prevented  Mr.  Griswold  from  reaching  Long  Key,  which  was 
one  of  the  most  important  goals. 

The  reef  has  been  elevated  from  six  to  twenty  feet,  the  amount 
decreasing  southward.  At  Key  West  the  coastal  plain  is  found  at  a 
depth  of  50  feet  (Pliocene),  while  Eocene  strata  are  700  feet  from  the 
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surface.  At  Key  Largo  the  reef  has  **a  probable  width  of  at  least  nine 
miles  from  the  outer  reef  patches."  Very  great  weight  is  given  to  solu- 
tional  action.  Not  only  are  the  Everglades  in  great  measure  explained 
by  it,  but  the  sounds  and  mud  flats  between  the  line  of  keys  and  the 
mainland.  The  disconnection  is  increasingly  great  southward,  until 
between  Key  West  and  Cape  Sable  the  mud  flats  and  mangrove  islands 
**are  all  that  give  evidence  of  the  former  continuity  of  the  land." 
Thus  Florida  is  constantly  losing  territory,  instead  of  gaining  it,  as  the 
older  views  maintained.  The  Marquesas,  formerly  considered  an  atoll 
built  upon  a  raising  bank,  are,  according  to  the  author,  merely  a  very 
perfect  sound,  and  the  *' lagoon"  is  an  area  of  greater  solution.  Mr. 
Griswold,  however,  does  not  carry  the  solutional  theory  to  the  extent 
to  which  it  is  borne  by  the  senior  author. 

In  many  places  on  the  keys  the  elevated  reef  is  capped  by  an  oolite. 
Mr.  Agassiz  states  positively  its  aeolian  origin  ;  but  Mr.  Griswold,  who 
was  last  on  the  ground,  says  that,  for  several  reasons,  which  he 
enumerates,  **the  topography  favors  an  origin  for  the  limestone  in 
water."  This  guarded  statement  does  not  seem  too  strong  for  the 
evidence  presented.  This  oolite  was  traced  by  Mr.  Griswold  much 
farther  into  the  Everglades  than  any  geologist  has  penetrated  hereto- 
fore. Mr.  Agassiz  interprets  the  formation  as  modified  dune  sand, 
obtained  from  the  beaches  of  the  elevated  reef,  and  blown  inland  by 
prevailing  east  winds.  J.  Edmund  Woodman. 


Correlation  of  Erie- Huron  Beaehes  with  Outlets  and  Moraiiies  in 
Southeastern  Michigan,  By  F.  B.  Taylor.  Bull.  Geol.  See. 
America,  Vol.  VIII,  pp.  31-58,  with  map. 

In  this  paper  there  is  given  an  account  of  observations  in  a  region 
hitherto  little  studied  but  containing  evidences  of  a  most  interesting 
glacial  and  postglacial  history.  As  stated  in  the  title,  the  paper  deals 
with  features  observed  in  southeastern  Michigan  chiefly  in  the  north- 
ward projecting  portion  between  Saginaw  Bay  and  the  lower  end  of 
Lake  Huron,  commonly  called  the  "Thumb."  Having  spent  two 
months  during  the  past  season  in  geological  investigations  in  this 
region  the  reviewer  is  prepared  to  lend  corroborative  evidence  as  to 
the  general  conclusions  of  the  paper  and  to  testify  to  the  scientific 
acumen  displayed  in  the  interpretation  of  the  phenomena  observed. 
The  paper  constitutes  the  first  published  account  of  detailed  observa- 
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tions  of  glacial  phenomena  in  this  portion  of  the  state.  Almost  the 
entire  region  is  heavily  covered  with  glacial  drift.  Very  few  outcrops 
of  country  rock  occur.  All  the  moraines  of  the  region  show  two  dis- 
tinct phases.  Above  a  contour  of  approximately  200  feet,  which  marks 
the  upper  limit  of  submergence,  they  have  an  irregular  rolling  surface, 
while  below  this  line  they  lose  their  irregular  features  and  are  in  fact 
so  subdued  as  often  to  be  distinguished  with  difficulty  from  the  ground 
moraine.  These  water-laid  moraines,  however,  are  distinct  though  faint 
topographic  features  and  mark  the  former  position  of  the  ice  front  as 
surelv  as  the  hillv  land  laid  form. 

In  the ,  paper  cited  a  description  is  given  of  all  the  different 
moraines  and  beaches  formed  in  this  part  of  the  state  though  the 
chief  interest  centers  in  those  found  in  Sanilac  and  adjoining  counties. 
In  the  vicinity  of  Imlay  City  a  channel  occupied  by  a  swamp  and 
bounded  by  beach  lines  was  discovered  extending  north  and  west  past 
this  place  and  North  Branch,  then  southwestward  toward  Flint.  This, 
called  the  Imlay  Outlet,  is  regarded  as  the  outlet  of  a  lake  (unnamed) 
at  the  time  the  ice  foot  rested  on  its  northern  side.  The  position  of 
the  ice  front  is  marked  by  a  rugged  moraine    -the  Toledo  moraine. 

On  the  retreat  of  the  ice  from  this  position  there  was  next  formed 
the  Detroit  moraine  which,  except  for  a  tract  near  Yale  is  nearly  all 
water  laid.  North  of  Yale  near  Melvin  it  is  represented  bv  kames  and 
kame  moraines.  In  this  area  which  the  author  of  the  paper  did  not 
examine  we  have  observed  a  well-marked  series  of  kame  ridges  mark- 
ing the  northernmost  limit  of  the  eastern  limb  of  the  Detroit  moraine. 
Northward  the  land  fades  away  into  the  great  swamp  which  extends 
north  from  Capac  past  Valley  Center  and  Brown  City  to  Shabona  Post 
Office  and  into  the  almost  imperceptible  divide  between  this  and  the 
Black  River  swamp  toward  the  east. 

The  last  moraine  is  the  Port  Huron  Saginaw  moraine  w^hich 
extends  from  a  point  six  or  eight  miles  northwest  of  Port  Huron  along 
the  east  side  of  Black  River  to  Tyre,  thence  curving  around  toward 
the  southwest  to  Yasser.  From  the  200  feet  contour,  around  the  north- 
ern and  eastern  side  of  this  moraine,  the  land  slopes  evenly  awav 
toward  the  present  shore.  West  of  the  eastern  limb  of  this  moraine 
lies  the  great  Black  River  swamp. 

As  the  ice  front  retreated  over  this  swamp  region  to  its  last  halting 
stage  at  the  Port  Huron-Saginaw  moraine,  the  water  from  the  wasting 
glacier  evidently  found   its  way  westward  along  the  ice  front,  the  posi- 
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tion  of  several  of  these  outlets  being  noted.  The  last  of  these,  the 
Ubly  channel,  was  the  most  important.  The  position  of  this  channel 
is  now  marked  by  the  north  branch  of  Cass  River,  a  small  stream  flow- 
ing in  a  wide  valley  filled  with  valley  gravels.  At  Tyre,  a  branch  was 
received  from  the  southeast.  The  relation  of  a  great  ice  dam  and  the 
outlet  of  the  waters  is  here  admirably  shown.  The  evidence  of 
reversed  drainage  in  the  case  of  Black  River  is  unmistakable.  Previ- 
ous to  the  opening  of  the  Ubly  channel  when  the  ice-front  was  on  the 
south  side  of  the  north  branch  of  Cass  River  the  outlet  which  Taylor 
calls  the  Cumber  spillway  was  close  along  its  edge.  This  position  is 
now  marked  by  a  long  narrow  swamp  extending  from  the  valley  of  the 
PVeiburger  channel  north  of  Cumber,  parallel  with  the  North  Branch, 
southwest  across  the  South  Branch  of  Cass  River  and  on  toward 
Deford.  In  this  swamp  is  the  famous  ** stone  wall"  consisting  of  a 
low  embankment  of  earth  and  bowlders  extending  for  a  considerable 
distance  parallel  with  the  edge  of  the  swamp.  Locally  it  is  regarded 
as  the  work  of  pre-historic  man.  The  "wall"  is  about  eighteen  inches 
high  and  was  until  recently  obscured  by  vegetable  mold.  It  was 
exposed  by  fires  in  clearing  the  swamp.  Mr.  Taylor  refers  to  its 
resemblance  to  ice  beaches  but  regards  the  explanation  as  unsatisfac- 
tory. We  spent  some  time  in  this  vicinity  and  from  a  study  of  the 
surroundings  were  convinced  that  the  ice-beach  theory  is  an  adequate 
and  the  only  adequate  explanation  of  the  phenomena.  It  is  of  interest 
as  constituting  the  only  instance  known  to  us  of  a  bowlder  wall  formed 
by  ice-{)ush  in  a  lake  now  wholly  extinct. 

Our  own  observations  on  the  beach  lines  of  Sanilac  countv  shows 
a  marked  northward  elevation  corresponding  to  previous  observations 
in  the  lake  region,  the  result  probably  of  resilience  following  the 
withdrawal  of  the  ice  and  to  which  was  evidently  due  the  reversal  of 
the  Black  River  drainage.  This  river  now  flows  south  and  then  east 
into  the  Saint  Clair  Kiver  at  Port  Huron.  An  indication  of  reversed 
drainage  is  seen  in  the  direction  of  the  branches  of  Black  River  as, 
for  example,  that  of  Elk  Creek  which  rises  in  the  southwest  part  of 
Sanilac  county  and  flows  northeast  to  its  junction  with  Black  River 
which  here  flows  nearly  due  south. 

While  Mr.  Taylor  has  carefully  described  all  the  glacial  features 
observed  by  him,  and  also  by  (i.  K.  Gilbert  who  accompanied  him  on 
a  part  of  the  trip,  he  has  described  no  eskers.  A  well-marked  exam- 
ple occurs  about  ten  miles  northeast  of  Marlette.     It  consists  of  a  well- 
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marked  gravel  ridge  (or  "hogback")  extending  for  several  miles  in  a 
westward  direction  bearing  to  the  north  from  the  southeast  comer  of 
Lamotte  township.  This  was  evidently  formed  at  the  time  the  ice 
front  rested  on  the  Detroit  moraine.  Other  interesting  features  not 
obser\'ed  by  Mr.  Taylor,  though  suggested  by  him,  are  the  well-marked 
kame  deposits  in  the  southern  part  of  Sanilac  county.  In  the  vicinity 
of  Melvin  and  Peck  they  consist  of  hills  and  ridges  of  gravel  and  sand 
thirty  to  fifty  feet  in  height. 

The  name  Erie- Huron  is  offered  for  the  whole  series  of  lakes  rep- 
resented bv  all  the  beaches,  while  Lake  Warren  is  restricted  to  one  of 
the  separate  lakes  which  most  closely  corresponds  to  the  original 
idea  of  Spencer  who  proposed  the  name.  Taylor  concludes  that  if 
the  relations  of  the  moraine  and  beaches  have  been  correctly  inter- 
preted then  he  has  found  outlets  for  three  and  possibly  four  stages, 
and  these  so  related  to  the  topography  of  the  region  and  to  the 
moraines  that  in  at  least  three  cases  there  is  no  reasonable  doubt  as  to 
the  contemporary  place  of  the  ice  front.  The  continental  ice-sheet 
was  obviously  the  great  dam  that  held  all  these  waters  up. 

While  testifying  to  the  general  excellence  of  the  paper  we  find  our- 
selves unable  to   follow  the  author  in  the  degree   of  confidence  he 
seems  to  repose  in  his  barometer.     As  the  correlation  of  some  of  the 
beach  lines  depends  upon   the  identification  of  beaches  having  a  ver- 
tical interval  of  twenty  to  forty  feet  only,  and  several  miles  apart  and 
was  made  by  means  of  a  common  aneroid  barometer,  it  must  be  said 
that  the  conclusions   in   some  cases  are   not  without  an   element  of 
doubt.     Thus,    for    example,    the    Belmore    beach   is    identified    near 
Applegate  at  an   elevation  of  770   feet.     Forrest  Beach  six  or  seven 
miles  east  of  this  has  an  elevation   of  about  735  or  740  feet.     Near 
Cass  City  Mr.  Taylor  identifies   the  Du  Plain   beach  which   he  says  is 
twenty  to  thirty  feet  above  the  Forrest  beach.     The  Belmore  and  Du 
Plain  though  so  nearly  related  are  regarded  by  Mr.  Taylor  as  distinct, 
while  between  them  he  postulates  still  another  stage  represented  by  the 
Arkona  beach  which  is  said  to  have  an  elevation  of  755   feet  north- 
east of  Spring  Hill.    Allowing  for  northward  rise  this  beach  would  have 
about  the  elevation  given  the  Belmore  beach  near  Applegate.     The 
question  then  arises  which  beach  does  the  Applegate  beach  represent, 
the  Belmore,  Arkona  or  Du   Plain,  and  what  is  the  actual  relation  of 
these  to  the  Forrest  beach  ?     Beaches  twenty  to  forty  feet  above  the 
Forrest   beach   have  been   identified   with  each   of    these.     Our  own 
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barometer  readings  westward  from  Croswell  gave  765  feet  for  the  alti- 
tude of  a  shore  line  stated  by  Mr.  Taylor  to  be  780  feet  above  sea 
level.  In  an  area  so  little  diversified,  more  exact  measurements  are 
needed  to  settle  some  of  the  questions  raised.  Notwithstanding  these 
questions,  however,  we  regard  the  paper  as  an  important  contribution 
to  the  literature  of  the  glacial  recession.  C.  H.  Gordon. 


Elementary  Geology,     Ralph  S.  Tarr,B.S.,  F.G.S.A.     The  Mac- 
millan  Company,  1897.     Pp.  xx+499.     $1.40. 

This  is  the  most  attractive  elementary  text-book  on  geology  which 
the  writer  has  seen.  The  style  is  generally  simple,  the  illustrations 
numerous,  well  selected,  and  with  but  few  exceptions  clearly  repro- 
duced, and  the  mechanical  execution,  including  the  binding,  is  unsur- 
passed. The  wealth  of  illustration  is  shown  by  the  twenty-four  full 
page  plates  and  268  figures,  which  adorn  its  pages.  This  work  differs 
from  most  other  text-books  on  geology  in  the  greater  stress  laid  upon 
the  dynamic  aspect  of  the  subject.  The  stratigraphic  and  historic 
phases  are  treated  briefly  and  conciselyjin  100  pages  as  against  275  pages 
given  to  the  dynamic  and  92  to  the  structural  side.  The  develop- 
ment of  life  during  the  various  periods  is  outlined,  but  no  attempt  has 
been  made  to  teach  palaeontology,  or  to  give  long  lists  of  fossils.  The 
chapter  on  the  life  development  precedes  the  chapter  on  the  evolution 
of  the  land  and  the  geography  of  the  different  periods.  This  depar- 
ture from  the  more  common  custom  of  considering  first  the  geography 
and  then  the  life  of  each  period  will  perhaps  find  favor  with  some 
teachers  but  not  with  all.  Whatever  be  the  success  of  this  arrange- 
ment, there  can  be  but  little  doubt  but  that  the  author  has  done  well 
to  lay  the  greater  stress  upon  the  dynamic  phases  of  the  subject  in  a 
book  meant  for  high-school  pupils. 

In  judging  this  book  due  regard  must  be  had  for  the  author's  pur- 
pose,/.  e.j  to  "furnish  a  companion  and  adjunct"  to  his  Physical  Geog- 
raphy, It  is  his  hope  that  the  two  books  will  be  used  together,  the 
geology  being  taken  after  a  study  of  the  air  and  ocean,  and  before  the 
physiography.  Knowing  the  author's  purpose,  the  omission  of  some 
topics,  such  as  "river  cycles"  and  "base  levels"  can  be  understood, 
since  they  have  been  treated  in  the  Physical  Geography.  In  spite, 
however,  of  some  omissions,  there  is  considerable  repetition  in  the  two 
books  —  something  hardly  to  be  avoided.     The  Geology  is  a  more  ele- 
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mentary  book  than  the  Geography,  whereas  the  present  practice  in 
high  schools,  one  recommended  by  the  Conference  on  Geography 
appointed  by  the  Committee  of  Ten,  is  to  place  physical  geography 
in  the  earlier  part  of  the  curriculum  and  geology,  when  studied  at 
all,  near  the  end.  For  these  reasons,  and  because  of  the  size  of  the 
two  books,  it  is  questionable  whether  they  will  ever  be  widely  used 
together.  Where  such  use  is  attempted,  considerable  culling  and  dove- 
tailing will  be  necessary.  This  would  be  easier  for  the  teacher  if  the 
paragraphs  were  numbered.  But  doubt  as  to  the  feasibility  of  the 
author's  plan  does  not  mean  condemnation  of  the  book  as  a  whole. 
It  is  admirably  adapted  for  high-school  pupils,  and  it  is  to  be  hoped 
that  it  will  be  widely  used. 

There  is  so  much  that  is  to  be  commended  in  it  that  it  is  to  be 
regretted  that  a  few  slips  have  passed  uncorrected.  On  page  ii8  the 
language  implies  that  the  term  "oxidation"  embraces  all  the  chemical 
changes  caused  by  percolating  water;  and  the  expression  **  limy  shells  " 
(p.  132)  as  applied  to  corals  is  hardly  accurate.  The  statements  in 
the  text  concerning  normal  and  reversed  faults  (pp.  293,  324)  do  not 
correspond  with  the  diagrams  (p.  292)  and  the  following  sentence, 
**  Mountains  are  present  in  nearly  all  parts  of  the  world  "  (p.  314) 
does  not  agree  well  with  another  statement  that  "  the  formation  of 
mountains  occurs  in  only  a  few  comparatively  small  parts  of  the  whole 
earth"  (p.  328).  It  may  seem  hypercritical  to  refer  to  some  of 
these  points,  but  too  much  care  cannot  be  taken  in  a  text-book  to  be 
used  by  immature  pupils,  and  perhaps  by  teachers,  who  have  not  a 
wide  knowledge  of  the  subject.  But  these  are  not  vital  and  do  not 
detract  greatly  from  the  value  of  the  book.  Professor  Tarr  can  be  con- 
gratulated upon  the  degree  of  merit  to  which  the  book  has  attained. 
Lewis  Institute.  Henry   B.   Kummel. 


Abstracts. 


The  Solution  of  Silica  under  Atmospheric  Conditions.     By  C.  Willard 
Hayes. 

While  it  is  well  known  that  under  conditions  prevailing  at  con- 
siderable distances  below  the  earth's  surface  silica  is  one  of  the  more 
easily  soluble  substances  entering  into  the  composition  of  the  earth's 
crust,  it  is  commonly  regarded  as  the  mineral  least  liable  to  be 
affected  by  solvents  under  ordinary  atmospheric  conditions.  Some 
recent  observations,  however,  show  that  even  quartz  pebbles  are  not 
proof  against  chemical  as  well  as  mechanical  erosion.  At  several 
widely  separated  points  in  West  Virginia  and  Tennessee  occur  coarse 
conglomerates,  in  two  cases  Carboniferous  and  a  third  Cambrian  in 
age,  in  which  the  projecting  portions  of  the  pebbles  have  been  deeply 
etched,  evidently  by  solution.  The  pebbles  vary  in  size  up  to  an  inch 
in  diameter  and  are  composed  chiefly  of  vein  quartz  and  quartzite 
together  with  a  few  of  chert  and  feldspar,  embedded  in  a  coarse 
sandstone  matri.x.  The  projecting  portions  of  these  pebbles,  particu- 
larly those  composed  of  quartz  and  quartzite,  are  deeply  pitted  with 
rough,  irregular  surfaces,  in  many  cases  as  much  as  a  third  of  the 
pebble  having  been  removed.  From  the  form  assumed  by  most  of 
the  pebbles,  it  would  seem  that  their  interior  was  more  easily  soluble 
than  the  outer  portions.  The  latter  usually  forms  a  sharp  rim  within 
which  is  a  depression  with  a  slight  elevation  at  the  center.  The 
etching  is  not  confined  to  the  larger  pebbles,  for  on  closely  examining 
the  surface  of  the  matrix  it  is  seen  that  in  many  places  the  projecting 
portions  of  the  sand  grains  have  been  removed,  leaving  a  more  or  less 
smooth  mosaic.  A  comparison  of  these  etched  pebbles  with  the  glypto- 
liths  or  facetted  pebbles  described  by  Woodworth  and  others  shows 
clearly  that  they  are  not  produced  by  the  same  agency  as  the  latter, 
namely  wind  driven  sand.  Everything,  on  the  other  hand,  points 
clearly  to  solution. 

Again,  numerous  geodes  from  the  Carboniferous  limestone  in 
Tennessee,  collected  by  Campbell  and  Taff,  show  etching  similar  to 
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that  described  above.  Thev  vary  from  three  inches  to  a  foot  in  diam- 
eter  and  beneath  the  rugose  opaque  surface  are  colorless  and  trans- 
lucent, resembling  in  texture  extremely  fine-grained  quartzite  or 
slightly  granular  vein  quartz.  Under  the  microscope  this  is  seen  to  be 
made  up  of  spherulitic  aggregates  of  quartz  grains  with  much  coarse 
granular  quartz  but  no  cryptocrystalline  or  amorphous  silica  could  be 
detected.  Many  of  these  geodes  are  deeply  etched  upon  one  or  both 
sides,  not  only  the  opaque  shell  being  removed  but  also  portions  of 
the  translucent  interior.  From  its  microscopic  character,  the  silica  of 
which  they  are  composed  would  appear  to  be  but  little  more  liable  to 
solution  than  vein  quartz  or  quartzite.  Minute  quantities  of  amorphous 
silica  may,  however,  be  present  and  by  their  solution  facilitate  the 
removal  of  the  crystalline  grains  by  solution  or  otherwise.  Hence  less 
importance  is  attached  to  the  solution  of  these  geodes  than  to  the 
etching  of  the  conglomerate  pebbles. 

The  wide  separation  of  the  localities  at  which  these  cases  of  the 
undoubted  solution  of  silica  occur,  renders  it  improbable  that  they  are 
due  to  some  peculiar  and  exceptional  conditions,  such  as  the  presence 
of  thermal,  alkaline  waters.  It  seems  rather  that  they  must  be  attrib- 
uted to  the  action  of  widespread  agencies  working  in  these  cases  under 
more  than  ordinarily  favorable  conditions  so  that  the  effect  is  excep- 
tionally striking.  All  the  cases  occur  in  a  heavily  forested  region 
where  there  is  a  thick  layer  of  humus  and  doubtless  an  abundant  sup- 
ply of  the  humus  acids.  Further,  the  region  is  one  in  which  forest 
fires  are  frequent  and  considerable  potassium  carbonate  must  be  sup- 
plied to  surface  waters  by  leaching  of  the  resulting  ashes.  The  con- 
ditions, therefore  would  appear  to  be  favorable  for  a  chemical  process 
somewhat  as  follows :  By  the  oxidation  of  the  vegetable  tissues  in  the 
process  of  decay,  the  humus  acids  are  formed,  chiefly  humic  and 
crenic.  These  absorb  varying  quantities  of  free  nitrogen  from  the  air 
forming  the  azo-humic  acids,  which,  in  turn,  combine  with  free  silica. 
The  resulting  acids  combine  with  alkaline  carbonates,  particularly 
potassium  carbonate,  to  form  easily  soluble  salts.  In  most  cases  the 
etched  surfaces  of  the  pebbles  described  above  support  a  more  or  less 
abundant  growth  of  cryptogamic  vegetation  which  might  facilitate  the 
solution  in  two  ways:  first  by  supplying  humus  acids  directly  from  its 
own  decay,  and,  second,  by  absorbing  solutions  of  those  acids  from 
other  sources  and  keeping  the  rock  surfaces  moist  so  that  their  solvent 
action  might  be  practically  continuous. 
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While  it  is  readily  granted  that  such  agents  seem  inadequate  to 
produce  the  effects  observed,  no  others  at  all  comparable  with  them  in 
efficiency  suggest  themselves.  And  if  the  above  conclusion  is  correct, 
a  solvent  capable  of  removing  a  third  of  a  quartz  pebble  an  inch  in 
diameter,  while  still  imbedded  in  its  matrix,  must  be  an  extremely 
important  factor  in  gradation  when  acting  under  the  much  more  fav- 
orable conditions  prevailing  in  the  humus  layer  itself  where  the  surface 
exposed  by  the  quartz  grains  is  vastly  greater  in  proportion  to  their 
bulk  and  where  the  solvent  action  is  not  interrupted  as  it  must  be  on 
exposed  rock  surfaces. 


Thr  Crystalline  and  Metamorphic  Rocks  of  Northwest  Georgia.     By  C. 
WiLLARi)  Haves  and  Alfred  H.  Brooks. 

The  region  discussed  in  the  paper  extends  southward  100  miles 
from  the  Tennessee  line  and  westward  twenty  to  eighty  miles  from  the 
Atlanta  meridian.  It  embraces  about  4000  square  miles,  forming  a 
belt  to  the  east  and  south  of  the  Georgia-Alabama  Palaeozoic  area. 
The  rocks  of  this  region  naturally  fall  into  three  groups:  (i)  the  gran- 
ites, gneisses  and  crystalline  schists  of  the  basal  complex —  probably 
Archean  ;  (2)  the  slates  and  conglomerates  of  the  Ocoee  series  —  prob- 
ably Algonkian  ;  (3)  intrusives  in  the  other  two  series. 

The  first  group  includes  the  Acworth  gneiss,  Austell  granitoid 
gneiss,  Corbin  granite  and  the  Piedmont  gneiss  and  crystalline  schist. 
In  the  second  or  clastic  group  only  four  uiembers  are  distinguished 
and  formation  nanies  have  not  yet  been  assigned  to  them  since  this 
classification  is  not  regarded  as  final.  These  four  members  are  {a) 
basal  conglomerate  resting  on  the  Corbin  granite;  (A)  black  slate  often 
graphitic;  (c)  a  series  of  interbedded  slates  and  felspathic  sandstones; 
(d)  garnetiferous  slate  probably  an  altered  phase  of  (b)  and  (c).  The 
intrusives,  which  are  found  in  association  with  members  of  both  thie 
other  groups,  but  most  abundantly  in  a  belt  from  ten  to  twenty  miles 
broad  along  their  contact,  named  in  the  order  of  their  intrusion,  are 
(a)  amphibolite  schists  and  diorite;  {b)  gabbro  and  basic  greenstone 
schist ;  and  (r)  Villa  Rica  granite  and  associated  coarse  pegmatites. 

The  above  classification  as  well  as  the  map  accompanying  the  paper 
is  to  be  regarded  as  only  preliminary  since  the  necessary  petrographic 
study  of  the  rocks  has  not  yet  been  completed.  The  region  discussed 
is  embraced  within   the  limits  of  the   Dalton,  Cartersville,   Marietta, 
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Tallapoosa,  and  Anniston  folios  of  the  United  States  Geological  Sur- 
vey which  are  now  in  course  of  preparation. 


The  Aj^e  of  the  White  Limestone  of  Sussex  County^  New  Jersey.     J.  E. 
Wolff  and  Alfred  H.  Brooks. 

The  principal  new  observations  contributed  to  this  well-known  field 
by  the  authors  were  those  indicating  the  presence  of  several  longitudinal 
faults  along  the  boundaries  between  the  Cambrian  limestone  and  sand- 
stone and  the  white  limestone  and  associated  crystalline  rocks  ;  and  the 
discovery,  at  a  n«w  quarry  in  Franklin,  of  a  crevice  in  the  white  lime- 
stone which  has  been  filled  up  by  the  overlying  Cambrian  arkose,  which 
contains  bowlders  and  fragments  of  the  white  limestone,  and  fragments 
of  mica,  feldspar  and  other  minerals  characteristic  of  the  white  limestone 
Or  associated  rocks.  From  this  and  other  localities,  they  conclude  that 
the  Cambrian  sandstone  contains  the  debris  of  the  white  limestone 
granite  and  associated  rocks  and  explain  the  apparent  transition  between 
the  blue  (Cambrian)  and  white  limestones  as  due  to  fault  brecciation 
and  shearing,  and  the  apparent  interbedding  of  the  white  limestone 
and  quartzite  as  due  to  the  deposition  of  the  latter  on  the  irregular  sur- 
face of  the  white  limestone,  with  local  faulting  in  some  places.  They 
conclude  that  the  white  limestone  is  of  pre-Cambrian  age  and  an  inte- 
i^ral  part  of  the  gneissic  formation.  This  paper  will  appear  in  full  in  the 
1 8th  Annual  Report  of  the  Director  of  the  United  States  Geological 
Survey. 

Erosion  at  Base  level.     By  M.  R.  Campbell. 

Some  late  observations  bv  Mr.  C.  VV.  Haves  and  the  writer  on  the 
solubility  of  quartz  under  atmospheric  conditions  and  the  writer's  own 
study  of  local  baselevels  in  the  Appalachian  coal  field  seem  to  throw 
some  light  on  the  question  of  the  ultimate  result  of  undisturbed  ero- 
sion, a  result  which  has  hitherto  received  but  little  attention  from 
physiographers. 

The  conditions  which  seem  to  facilitate  the  solution  of  quartz  are 
those  which  would  probably  prevail  during  the  final  stages  of  the  pro- 
cess of  baseleveling  to  a  much  greater  extent  than  under  ordinary  con- 
ditions of  erosion  ;  consequently  it  seems  probable  that  most,  if  not  all, 
of   the  waste  of  the  rocks  which   is  washed   in  from  the  surrounding 
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slopes  is  removed  by  solution  and  does  not  accumulate  on  the  surface 
of  the  plain. 

This  conclusion  is  still  further  substantiated  by  the  fact  that  in  the 
local  basins  observed  in  the  coal  field,  the  surrounding  slopes  are 
sharply  separated  from  the  bottoms  of  the  basins,  showing  that  even  in 
these  small  examples  there  is  some  action  going  on  by  which  the  waste 
is  carried  off  in  solution  leaving  the  floor  of  the  basin  unobstructed 
and  a  nearly  perfect  plain. 

If  these  conclusions  are  correct,  the  baseleveling  epochs  of  the  past 
may  have  been  marked  by  very  completely  formed  plains,  and  the 
slopes  of  the  unreduced  areas  may  have  been  sharply  separated  from, 
instead  of  blending  with,  the  surface  of  the  plain. 


Origin  of  Certain  Topographic  Forms.     By  M.   R.Campbell. 

The  recognition  of  apparently  abnormal  physiographic  forms  in 
limited  areas  has  induced  the  writer  to  undertake  an  investigation  of 
their  probable  cause.  Since  the  abnormal  types  are  limited  in  their 
geographical  distribution,  they  are  doubtless  caused  by  local  variations 
in  some  of  the  conditions  governing  erosion.  Climate  and  rock  char- 
acter are  variable,  but  changes  in  them  could  not  produce  tne  forms  in 
question.  Declivity  must  be  accountable.  Declivity  may  be  changed 
by  crustal  movements,  but  those  which  operate  over  a  broad  area 
change  the  declivity  as  a  whole,  and  hence  cannot  produce  local  varia- 
tion. Movements  which  are  limited  in  their  extent  are  the  ones  which 
must  be  looked  to  for  local  variation  and  the  production  of  abnormal 
forms.  Local  uplifts  may  result  in  the  production  of  normal  faults, 
monoclinal  Ifolds,  symmetrical  folds,  and  dome-shaped  uplifts  ;  each  of 
these  structural  forms,  when  produced  during  the  final  stage  of  an 
erosion  cycle, —  for  at  that  time  alone  will  they  introduce  new  erosion 
conditions, —  will  be  marked  by  physiographic  features  peculiar  to 
itself. 

The  production  of  a  scarp  from  a  monoclinal  fold  is  perhaps  the 
most  remarkable  forn],  and  it  is  due  to  a  peculiar  combination  of  slow, 
regular  uplift,  homogeneous  rocks,  and  baseleveling  conditions  outside 
of  the  area  affected  by  the  uplift. 

This  principle  is  applied  to  the  solution  of  the  Blue  Ridge  scarp  in 
North  Carolina,  and  it  is  shown  that  the  physical  features  of  that 
region  could  have  been  produced   by  a  monoclinal  uplift  in  a  broad 
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peneplain.  On  this  supposition  the  Blue  Ridge  plateau  was  once  con- 
tinuous with  the  Piedmont  plain,  but  the  latter  remained  at  sea  level 
while  the  former  was  slowly  elevated  2000  feet.  There  were  halts  in 
this  movement,  during  which  partial  peneplains  were  formed  on  the 
western  side  of  Blue  Ridge.  The  final  result  of  such  a  combination  of 
crustal  movements  and  periods  of  baseleveling  is  that  all  of  the  pene- 
plains on  the  western  side  of  the  Blue  Ridge,  collectively,  represent 
approximately  the  same  time  interval  as  that  represented  on  the  east- 
ern side  by  the  Piedmont  plain. 

This  theory  also  explains  the  present  condition  of  the  New  River- 
Roanoke  divide,  and  why  the  former  stream  has  not  been  captured  by 
the  latter, —  a  crucial  test  for  all  theories  relating  to  the  origin  of  this 
scarp. 

The  same  explanation  is  also  suggested  for  the  Black  Hills  of  South 
Dakota,  —  a  dome-shaped  uplift  in  which  the  outer  rim  of  Dakota  sand- 
stone is  in  the  zone  of  maximum  erosion,  and  consequently  is  kept  at 
baselevel,  while  the  inner  belt  of  limestone  owing  to  its  more  rapid 
upward  movement  is  unreduced.  This  is  offered  merely  as  a  sugges- 
tion to  geologists  in  the  hopes  that  it  will  be  entertained  as  a  working 
hypothesis  and  its  applicability  tested  by  persons  familiar  with  the 
field. 


Dikes  in  Appalachian  Virginia,     By  N.   H.    Darton. 

An  account  was  given  of  further  discoveries  of  diabase  dikes  and  of 
certain  dikes  of  acidic  eruptives  among  the  Palaeozoic  rocks  near  Mon- 
terey in  Highland  county,  Virginia.  The  diabase  dikes  are  similar  to 
those  described  by  Messrs.  Diller  and  Darton  some  years  rago,  but  the 
acidic  rocks  are  very  great  novelties  for  this  region.  The  rock  is  por- 
phyritic  diorite  containing  quartz,  mainly  in  rounded  grains,  with 
plagioclase,  biotite,  and  hornblende  phenocrysts,  in  a  white  grouiidmass. 
The  dikes  are  of  small  extent  and  appear  to  be  restricted  to  a  limited 
territory.  The  area  is  one  in  which  the  most  prominent  anticline  of 
central  Appalachian  Virginia  reaches  its  culmination. 


The  abstracts  in  this  and  the  previous  issue  of  this  Journal  were  read  before  the 
Washington  Meeting  of  the  Geological  Society  of  America. 
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THE  LAST  GREAT  BALTIC  GLACIER. 

In  a  recent  number  of  this  Journal*  Dr.  Keilhack  criticises 
certain  views  which  I  have  been  led  to  entertain  as  to  the 
glacial  succession  in  northern  Europe.  He  does  not  agree  with 
me  that  the  great  terminal  moraines  of  the  Baltic  Ridge  are  the 
products  of  a  separate  and  independent  glacial  epoch.  On  the 
contrary,  he  and  his  colleagues  on  the  Royal  Prussian  Geological 
Survey  are  persuaded  that  the  moraines  in  question  simply  mark 
a  stage  in  the  retreat  of  the  third  ice-sheet.  In  the  last  edition 
of  the  Great  Ice  Age  I  have  stated  somewhat  fully  the  evidence 
for  the  conclusion  which  my  critic  now  disputes,  and  a  short 
outline  of  the  subject  subsequently  appeared  in  this  Journal". 

Geologists  who  may  wish  to  know  what  my  views  are  will,  I 
hope,  take  my  own  account  of  them  rather  than  that  which 
Dr.  Keilhack  has  presented  to  his  readers.  Doubtless  the  discus- 
sion has  been  conducted  by  him  in  good  faith  and  with  every 
intention  of  being  just,  but,  all  the  same,  he  has  not  succeeded  in 
giving  an  accurate  outline  of  the  reasons  which  compelled  me  to 
dissent  from  the  opinions  maintained  by  him  and  his  eminent  col- 
leagues. Some  of  the  more  important  evidence  adduced  he  either 
ignores  or  slurs  over,  while  in  certain  other  matters  he  has  strangely 
misunderstood  and  thus  unwittingly  misrepresents  me.  Having 
carefully  considered  Dr.  Keilhack's  paper,  I  find  that  his  criti- 
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cisms  go  wide  of  the  mark;  he  has  failed  to  meet  my  argument, 
and  I  have  nothing  to  modify  or  withdraw.  Under  these  circum- 
stances I  might  well  leave  what  I  have  already  written  on  the 
subject,  and  simply  appeal  to  it  as  a  sufficient  reply  to  Dr.  Keil- 
hack.  Silence  on  my  part,  however,  might  be  misunderstood, 
and  I  would  not  appear  to  be  discourteous  to  a  geologist  whom 
I  highly  esteem,  and  whose  work  no  one  can  value  more  than 
myself.  At  the  risk  of  being  tedious,  therefore,  I  shall  again 
shortly  state  my  reasons  for  the  faith  that  is  in  me,  and  take  due 
note  of  my  critic's  objections. 

It  was  while  studying  certain  glacial  phenomena  in  Britain 
that  I  was  first  led  to  inquire  more  fully  into  the  grounds  upon 
which  German  geologists  base  their  belief  that  the  terminal 
moraines  of  the  Baltic  Ridge  were  deposited  during  the  retreat  of 
the  third  ice-sheet  (Polandian).  The  evidence  which  impressed 
me  in  Britain  may  be  very  shortly  outlined.  We  have  two  well- 
recognized  bowlder  clays  developed  in  the  low  grounds  of  our 
country — the  lower  of  which  belongs  to  the  epoch  of  maximum 
glaciation  (Saxonian),  at  which  time  the  British  and  Scandina- 
vian ice-sheets  were  coalescent.  The  upper  bowlder  clay  is  the 
ground-moraine  of  a  less  extensive,  but  still  immense,  ice-sheet, 
which,  like  its  predecessor,  also  occupied  the  basin  of  the  North 
Sea,  so  that  continuous  inland  ice  extended  as  before  between 
Norway  and  Britain.  During  the  formation  of  the  lower  bowlder 
clay  the  Scandinavian  ice  invaded  East  Anglia  and  the  midlands 
of  England,  but  this  invasion  was  not  repeated  by  the  succeeding 
ice-sheet.  Nevertheless,  we  have  no  doubt  that  the  British  and 
Scandinavian  ice-sheets  were  again  confluent.  Along  the  whole 
eastern  seaboard  of  Britain,  from  Flamborough  Head  to  the 
extreme  north  of  the  Scottish  mainland —  a  region  over  which 
the  upper  bowlder  clay  is  strongly  developed  —  all  the  evidence 
indicates  that  the  British  ice,  underneath  which  that  clay  accu- 
mulated, was  steadily  deflected  to  right  and  left  as  it  passed 
outwards  into  the  North  Sea  basin.  North  of  the  Firth  of  Forth 
the  trend  of  all  the  stones  in  the  upper  bowlder  clay,  as  well  as 
the  direction  of  drumlins,  of  roches   moutonnees  and  striae  arc 
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towards  northeast,  north,  and,  eventually,  northwest.  South  of 
the  Firth,  on  the  other  hand,  the  direction  of  glaciation  is  south- 
erly. In  a  word,  it  is  demonstrable  that  during  the  formation  of 
tlie  upper  bowlder  clay  the  British  ice  did  not  follow  its  natural  course 
and  flow  directly  outwards  into  the  basin  of  the  North  Sea,  It  was 
deflected  just  in  the  same  way  as  the  earlier  inla?id  ice  of  the  Saxonian 
stage  had  been.  So  far,  indeed,  as  Scotland  was  concerned,  the 
ice-sheet  of  Polandian  times  was  hardly  less  important  than  its 
predecessor. 

The  upper  bowlder  clay  is  the  chief  glacial  accumulation  in 
our  lowlands,  and  its  surface  is  often  concealed  under  more  or 
less  continuous  sheets  of  gravel  and  sand,  while  here  and  there 
it  is  dotted  over  with  large  erratics  and  traversed  by  eskers. 
All  these  obviously  belong  to  the  period  of  melting.  Nowhere, 
however,  is  a  vestige  of  terminal  moraine  encountered  until  the 
base  of  the  uplands  and  mountains  is  approached.  Here  well- 
developed  terminal  moraines  suddenly  put  in  an  appearance — 
the  relics  of  large  valley -glaciers  and  local  or  district  ice-sheets. 
For  a  long  time  the  general  belief  was  that  these  moraines  had 
been  accumulated  during  the  retreat  of  the  last  general  ice- 
sheet  (Polandian).  Further  investigation,  however,  proved  that 
the  outermost  moraines  had  been  laid  down  by  advancing  gla- 
ciers, which  had  everywhere  ploughed  into  the  upper  bowlder 
clay,  sweeping  it  out  of  the  valleys,  and  so  modifying  its  surface 
in  the  low  grounds  at  the  base  of  the  mountains  as  to  impress 
upon  it  a  new  configuration.  The  dimensions  of  the  moraines, 
the  extent  of  their  fluvio-glacial  gravels,  and  the  amount  of 
erosion  experienced  not  only  by  the  upper  bowlder  clay,  but  by 
the  solid  rocks  themselves,  all  indicate  that  these  valley-glaciers 
and  local  ice-sheets  mark  a  distinct  stage  of  the  Glacial  Period. 

Again,  there  is  evidence  to  show  that  after  the  retreat  of  the 
ice-sheet  of  the  upper  bowlder  clay,  and  before  the  valley -gla- 
ciers in  the  west  of  Scotland  had  descended  to  the  coast,  the 
maritime  districts  were  slightly  submerged.  Loch  Lomond 
at  that  time  formed  an  arm  of  the  sea,  and  was  tenanted  by  a 
fauna  which  consisted  for  the  most  part  of  existing  British  forms. 
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Subsequently  a  large  valley-glacier  entered  the  fiord,  filling  it 
up,  and  ploughing  out  preexisting  marine  deposits.  By  this 
time,  however,  the  climate  had  become  arctic,  as  is  proved  by 
the  character  of  the  fauna  in  the  contemporaneous  undisturbed 
shelly  clays  of  the  lOO-feet  terraces  and  beaches. 

Such,  stated  as  shortly  as  may  be,  are  the  main  facts  that 
led  me  to  conclude  that  our  lOO-feet  beach  and  the  contem- 
poraneous morainic  accumulations  indicate  a  distinct  stage  of 
the  Glacial  Period.  There  was  clear  proof  that  a  readvance  of 
active  glaciers  had  taken  place  after  the  ice-sheet  of  the  upper 
bowlder  clay  had  vanished  from  our  low  grounds,  and  from  the 
lower  reaches  at  least  of  our  mountain  valleys.  But,  as  I 
remarked  in  my  former  communication  to  this  Journal,  it  was 
not  quite  so  evident  that  the  readvance  in  question  had  been 
preceded  by  a  definite  and  prolonged  interglacial  epoch.  The 
only  evidence  of  preceding  relatively  genial  conditions  are  the 
shells  which  the  Loch  Lomond  glacier  took  up  from  the  old  sea 
floor  and  included  in  its  moraines. 

It  was  with  these  facts  and  inferences  in  view  that  I 
approached  the  examination  of  the  Upper  Diluvium  of  North 
Germany.  Perhaps  it  may  be  objected  that  I  had  no  right  to 
expect  that  the  glacial  succession  in  Britain  should  correspond 
with  that  of  the  Continent,  and,  if  we  descend  to  details  of 
minor  importance,  that  is  no  doubt  true  enough.  But  so  far  as 
the  chief  stages  of  glacial  accumulation  are  concerned,  these 
must  have  followed  in  the  same  order  throughout  Europe.  I  do 
not  suppose,  for  example,  that  any  geologist  will  doubt  that  the 
epoch  of  maximum  glaciation  was  one  in  Britain  and  the  Conti- 
nent, and  the  same  must  be  true  of  other  well-marked  divisions 
of  the  glacial  system.  I  think,  therefore,  that  I  was  justified 
in  my  expectation  that  the  Upper  Diluvium  of  Germany  would 
prove  no  exception  to  the  rule.  If  the  valley-moraines  of  the 
British  mountains,  which  I  formerly  took  to  be  the  degenerate 
relics  of  our  minor  ice-sheet,  mark  in  reality  a  recrudescence 
of  glacial  conditions,  it  was  not  i.nprobable  that  the  German 
Upper  Diluvium  would  have  a  similar  tale  to  tell. 


THE  LAST  GREAT  BALTIC  GLACIER  329 

• 

Now,  in  the  first  place,  the  Upper  Diluvium  of  North  Ger- 
many closely  resembles,  in  all  essential  particulars,  the  British 
upper  bowlder  clay  with  its  associated  deposits.  Along  the 
southern  limits  reached  by  the  former  we  encounter  banks  and 
undulating  hillocks  and  sheets  of  gravel  and  sand,  just  as  is  the 
case  with  our  upper  bowlder  clay.  Like  the  latter,  also,  the 
upper  Geschiebelehm  is  often  covered  with  wide  stretches  of  water- 
worn  materials  and  sprinkled  with  erratics.  So,  again,  no  ter- 
minal moraines  present  themselves  as  we  traverse  the  country 
from  south  to  north,  until  we  are  suddenly  confronted  with  the 
great  moraines  of  the  Baltic  Ridge.  Here,  then,  we  cannot  but 
recognize  a  general  resemblance,  at  least,  between  the  glacial 
phenomena  of  Britain  and  North  Germany.  In  the  published 
works  of  German  geologists  I  could  meet  with  no  evidence 
to  show  that  the  bowlder  clay  in  front  of  the  Baltic  Ridge 
moraines  was  identical  with  the  bowlder  clay  behind  them.  This 
identity  appeared  to  me  to  have  been  taken  for  granted.  At  all 
events,  no  doubt  had  been  expressed  upon  the  subject,  and  no 
attempt  made  to  demonstrate  that  the  two  upper  bowlder  clays 
are  one  and  the  same.  Even  in  the  paper  to  which  I  am  now 
replying  Dr.  Keilhack  does  little  more  than  reiterate  his  and  his 
colleagues'  opinions  that  the  bowlder  clays  in  question  are  con- 
temporaneous. Apparently  he  thinks  that  their  interpretation 
of  the  evidence  ought  to  be  accepted  on  the  ground  of  their 
intimate  knowledge  of  the  glacial  accumulations  of  their  country. 
I  need  hardly  say  that  the  accuracy  of  their  observations  is  not 
called  in  question.  I  doubt  if  their  works  have,  out  of  Germany, 
gained  the  attention  of  a  more  admiring  student  than  myself. 
Their  descriptions,  wherever  I  have  been  able  to  test  them  in 
the  field,  have  proved,  as  might  have  been  expected,  full  and 
exact.  It  was  not  without  hesitation,  therefore,  that  I  found 
myself  unable  to  accept  their  explanation  of  the  evidence.  I 
was  consoled,  however,  by  the  reflection  that  they  themselves  are 
not  agreed  as  to  the  precise  mode  of  formation  of  the  Baltic 
Ridge  moraines.  When  geologists,  who  claim  a  long  acquaint- 
ance with  the  same  facts,  cannot  yet  agree  amongst  themselves 
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as  to  how  those  facts  are  to  be  interpreted,  I  may  be  excused  for 
forming  an  independent  opinion.  Having  for  many  years 
mapped  and  studied  glacial  deposits  in  my  own  country — and 
such  deposits  are  much  the  same  in  all  well-glaciated  lands  that 
I  have  visited  —  I  did  not  feel  incompetent  to  weigh  the  evidence 
and  judge  for  myself  as  to  its  meaning. 

Dr.  Keilhack  does  not,  in  my  opinion,  strengthen  his  posi- 
tion when  he  states  that  in  numerous  places  the  ground-moraine 
in  front  of  the  great  terminal  moraines  of  the  Baltic  Ridge 
passes  smoothly  under  these.  If  continuous  sections  showing 
such  connection  are  in  existence,  I  confess  I  have  never  seen  or 
heard  of  them.  Possibly  Dr.  Keilhack  only  infers  that  the 
bowlder  clay  which  he  sees  passing  under  the  moraines  is  the 
same  as  that  which  overspreads  the  region  on  the  other  side. 
Be  that  as  it  may,  I  have  not  said  and  do  not  maintain  that  all 
the  bowlder  clay  lying  north  of  the  terminal  moraines  is 
younger  than  the  bowlder  clay  which  occurs  south  of  them. 
I  am  quite  prepared  to  believe  that  in  many  places  the  terminal 
moraines  have  been  dumped  upon  the  bowlder  clay  of  the 
Polandian  stage.  Further,  I  do  not  doubt  that  the  same  bowl- 
der clay  actually  extends  over  wide  areas  behind  the  moraines, 
but,  if  such  be  the  case,  it  must  be  largely  worked  up  into  or 
concealed  underneath  the  ground-moraines  and  other  accumula- 
tions of  the  great  Baltic  Glacier. 

I  now  come  to  Dr.  Keilhack's  criticism  of  certain  facts 
which  have  been  adduced  by  me  in  support  of  the  conclusion 
that  the  terminal  moraines  of  the  Baltic  Ridge  are  deposits  of  a 
separate  and  independent  glacial  epoch. 

(i)  In  Denmark  and  Schleswig-Holstein  two  bowlder  clays 
have  been  for  a  long  time  recognized.  Both  of  these  occur 
over  the  eastern  section  of  that  region.  To  that  region  the 
upper  bowlder  clay  is  confined,  while  the  latter  extends  west- 
ward to  the  shores  of  the  North  Sea.  Both  clays  are  charged 
with  the  same  assemblage  of  erratics,  the  character  of  which 
shows  that  the  ice  which  brought  them  moved  out  from  the 
Baltic  and  traveled  in  a  general  westerly  direction.    In  Holland 
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there  is  only  one  bowlder  clay — that  of  the  Saxonian  stage  or 
epoch  of  maximum  glaciation — and  it  is  crowded  with  erratics 
which  have  come  from  the  north.  The  lower  bowlder  clay  of 
Schleswig-Holstein  and  Denmark  cannot,  therefore,  have  been 
formed  at  the  same  time  as  the  Dutch  deposit.  The  latter 
indicates  an  ice  flow  from  north  to  south  —  the  former  an  ice 
flow  from  east  to  west  approximately.  The  *Mower  bowlder 
clay"  of  the  Cimbric  peninsula  is  not  the  product  of  the  Sax- 
onian ice-sheet,  but  of  its  successor,  the  Polandian.  This  infer- 
ence is  greatly  strengthened  by  the  fact  that  the  so-called 
*Mower  bowlder  clay"  of  Schleswig-Holstein  is  underlaid  by 
well-marked  interglacial  beds,  which  in  their  turn  rest  upon  a 
yet  older  bowlder  clay  —  in  all  probability  belonging  to  the 
Saxonian  stage.  Thus  we  have  actually  three  bowlder  clays 
in  the  Cimbric  peninsula.  The  uppermost  and  youngest  of  the 
series  is  confined  to  the  eastern  or  Baltic  side  of  the  peninsula, 
and  is,  I  believe,  the  product  of  the  last  great  Baltic  Glacier — 
the  terminal  moraines  of  which  appear  to  form  its  outer  margin. 
It  may  be  added  that  freshwater  deposits,  containing  relics  of 
a  characteristic  interglacial  flora  (indicative  of  genial  climatic 
conditions)  have  quite  recently  been  detected  in  the  neighbor- 
hood of  Copenhagen,  and  thus  well  within  the  area  overflowed 
by  the  Baltic  Glacier.  The  deposits  referred  to  are  covered  by 
the  morainic  accumulations  of  that  glacier,  and  arc  underlain  by 
diluvial  gravels  and  bowlder  clay  of  an  earlier  glacial  epoch. 
Dr.  Gunnar  Andersson  remarks  of  these  interglacial  beds  that 
they  have  certainly  been  accumulated  during  the  time  that  elapsed 
between  the  melting  of  the  great  Scandinavian  ice-sheet  and  the 
invasion  of  Zealand  by  the  last  Baltic  Glacier.' 

Dr.  Keilhack's  remarks  on  the  evidence  cited  by  me  and  the 
inferences  I  have  drawn  arc  somewhat  vague,  and  he  ignores 
the  occurrence  of  the  interglacial  beds  and  underlying  bowlder- 
clay,  which  are  proved  to  occur  below  the  so-called  **  lower 
bowlder  clay"  of  Holstein.     He  states,  what  is  quite  true,  that 

'Bihang  till  K.  Svenska  Vet.-Akad.  Handlingar.  Bd.  22.  Afd.  iii.  No.  i 
1896. 
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no  single  erratic  can  be  taken  as  a  guide  to  the  direction  in  which 
an  ice-sheet  has  flowed.  But  if  by  this  he  means  that  we  cannot 
decide  upon  the  direction  of  ice  flow  from  a  consideration  of  the 
general  assemblage  or  facies  of  the  stones  in  any  given  bowlder 
clay,  I  cannot  possibly  agree  with  him.  I  am  well  aware  of  the 
fact  that  every  now  and  again  erratics  occur  in  bowlder  clay, 
whose  presence  would  seem  to  indicate  a  different  direction  of 
ice  flow  from  that  suggested  by  the  others  in  their  neighbor- 
hood. In  regions  which  have  been  overflowed  by  ice  at  differ- 
ent times  and  in  different  directions,  such  occurrences  must 
be  expected.  But  in  the  case  of  the  bowlder  clays  of  the 
Cimbric  peninsula  it  is  not  merely  a  few  sporadic  stones  of 
eastern  derivation  that  we  have  to  deal  with.  The  whole  mass 
of  the  materials  of  the  two  bowlder  clays  which  appear  at  the 
surface  has  traveled  from  east  and  northeast,  So,  again,  the 
bulk  of  the  stones  in  the  Dutch  bowlder  clay  have  come  from 
the  north. 

{2)  Following  De  Gecr,  I  maintain  that  the  strong  belt 
of  terminal  moraines  which  extends  from  Hango  Head  in  a 
northeasterly  direction  through  Finland,  are  contemporaneous 
with  those  of  the  Baltic  Ridge.  Referring  to  the  observations 
of  the  accomplished  geologists  of  the  Geological  Commission 
of  Finland,  I  cite  the  fact  that  two  distinct  systems  of  glacial 
stri^  are  apparent  in  that  country-  "The  striae  of  the  one  sys- 
tem run  in  parallel  directions,  and  extend  far  east  and  southeast 
of  the  terminal  moraines.  The  other  and  younger  system,  on 
the  other  hand,  is  bounded  by  these  moraines  —  the  later  stria 
crossing  the  older  series  at  various  angles.  When  strife  belong- 
ing to  both  systems  appear  on  one  and  the  same  rock-surface, 
the  younger  are  always  the  fresher  of  the  two,  the  older  ones 
being  worn  and  abraded.  The  latter,  according  to  Rosberg, 
are  the  products  of  a  general  mer  de  glace,  which  attained  so 
great  a  thickness  that  minor  inequalities  of  the  ground  had  little 
or  no  influence  in  deflecting  the  ice  flow,  which  extended  far 
beyond  the  limits  of  the  terminal  moraines.  The  ice,  under- 
neath which  the  younger  system  of  strias  came  into  existence. 
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must  have  been  relatively  thin,  in  consequence  of  which  the 
inequalities  of  the  ground  produced  endless  local  divergences 
from  the  general  direction  of  ice  flow."'  The  small  sketch  map 
of  the  great  Baltic  Glacier  given  in  my  book  is  largely  a  repro- 
duction of  De  Geer's  map,  published  some  years  ago.  Accord- 
ing to  Dr.  Keilhack  the  line  of  union  drawn  from  East  Prussia 
to  Finland  is  **  purely  hypothetical  and  supported  by  no  observa- 
tions." Here,  however,  he  is  mistaken.  Let  him  consult  De 
Geer*s  recent  work,  Om  Skafidifiaviens  geografiska  Utveckling 
efter  Istiden,**  and  he  will  find  that  a  great  terminal  moraine, 
marking  the  edge  of  the  Baltic  Glacier,  traverses  the  islands  of 
Osel  and  Dago  in  a  north-south  direction,  and  can  even  be  traced 
for  some  distance  on  the  bed  of  the  sea.  This  can  hardly  be  other 
than  a  continuation  of  the  terminal  moraines  (Salpausselka)  at 
Hango  Head. 

Dr.  Keilhack  says  he  looks  **for  the  easterly  continuation  of 
the  Baltic  terminal  moraine  much  further  south,  in  the  interior 
of  Russia."  Well,  it  is  never  safe  to  prophesy,  but  I  shall  be 
surprised  if  his  anticipations  prove  correct.  That  much  gravel 
and  sand  and  many  erratics  will  be  met  with  in  the  regions  he 
refers  to  I  can  well  believe,  but  all  these,  I  think,  will  be  found 
to  be  similar  in  character  and  age  to  the  diluvial  gravels,  etc., 
which  overspread  the  bowlder  clay  in  the  lands  to  the  south  of 
the  Baltic  Ridge.  According  to  Dr.  Vogt,  of  Christiania,  with 
whom  Dr.  Keilhack  agrees,  **the  Finnish  terminal  moraine 
belongs  with  that  of  middle  Sweden  and  Norway."  On  the 
other  hand,  De  Geer  shows  that  the  terminal  moraines  which 
occur  in  Norway,  somewhat  south  of  Lake  Mj5sen,  represent  the 
front  of  the  Baltic  Glacier  during  a  stage  in  its  retreat.  He 
traces  the  position  occupied  by  the  ice  edge  right  across  Sweden 
in  an  easterly  and  northeasterly  direction.  The  glacier  is  repre- 
sented as  filling  the  upper  section  of  the  Baltic  basin  and  reach- 
ing as  far  south  only  as  Aland.  The  great  gravel-ridge  at 
Hameenkanga,  in  the  middle  of  western  Finland,  would  appear 
to  be  its  terminal  moraine  in  that  country.     This  moraine  occurs 

■Great  Ice  Age,  3d  edit,  p.  474. 


334  JAMES  GEIKIE 

about  125  miles  north  of  the  older  belt  that  extends  from  Hango 
Head  to  the  north  of  lake  Ladoga, 

(3)  Dr.  Keilhack's  third  criticism  has  already  been  met  by 
the  remarks  1  have  made  on  the  subject  of  the  upper  bowlder 
clay  of  Britain.  My  worthy  critic  could  not  have  read  my  work 
with  attention  or  he  would  hardly  have  attributed  to  me  the 
strange  statement  that  my  belief  in  the  confluence  of  Scandi- 
navian and  British  ice-sheets,  during  the  formation  of  our  upper 
bowlder  clay,  was  suggested  by  and  based  on  the  occurrence  in 
that  deposit  of  Scandinavian  erratics!  He  says:  "It  seems  to 
me  unnecessary  entirely  to  repudiate  the  opinion  of  the  north 
German  geologists  in  order  to  explain  the  occurrence  of  Scandi- 
navian bowlders  in  the  upper  bowlder  clay  of  Britain."  I  have 
nowhere  said  that  Scandinavian  bowlders  occur  in  our  upper 
bowlder  clay.  So  far  as  I  am  aware  such  erratics  are  confined 
to  the  lower  bowlder  clay  of  East  Anglia  and  the  midlands  of 
England.  Not  one  has  been  met  with  in  any  bowlder  clay  of 
East  Britain  north  of  Flamborough  Head.  The  evidence  which 
shows  that  our  upper  bowlder  clay  was  formed  at  a  time  when 
"inland  ice"  filled  up  the  basin  of  the  North  Sea,  and  the  Scan- 
dinavian and  British  ice-sheets  were  confluent,  has  nothing 
whatever  to  do  with  the  occurrence  in  our  country  of  Scandi- 
navian erratics.  The  great  extension  of  ice  which  characterized 
the  formation  of  our  up])cr  bowlder  clay  is  demonstrated,  as  I 
have  shown  above,  in  quite  another  way.  When  Dr.  Keilhack 
has  duly  weighed  our  evidence  he  will  no  longer  consider 
"whether  the  connection  of  the  Scandinavian  with  the  Scottish 
ice  in  the  third  glacial  period  is  more  than  imaginary."  The 
fact  of  that  connection  is  as  well  established  as  one  can  expect 
it  to  be. 

(4)  Believing  as  I  do  that  the  terminal  moraines  of  the 
Baltic  Ridge  are  the  products  of  a  distinct  glacial  epoch,  I 
naturally  hold  that  the  superficial  or  youngest  morainic  accumu- 
lations which  lie  behind  those  moraines  are  of  later  age  than 
the  ice-sheet  of  Polandian  times.  Thus,  I  maintain  that  the 
upper  bowlder  clay  throughout  the  region  extending  from  the 
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Baltic  Ridge  to  the  shores  of  the  Baltic  Sea,  is  a  younger 
deposit  than  the  bowlder  clay  that  stretches  south  from  the 
Baltic  Ridge  to  the  valley  of  the  Elbe.  Further,  I  hold  that 
the  youngest  interglacial  beds,  which  occur  between  the  upper 
and  lower  bowlder  clays  of  the  Baltic  coast  lands,  are  neces- 
sarily of  later  date  than  the  interglacial  beds  which  are  met  with 
in  the  regions  lying  to  the  south  of  the  Baltic  Ridge.  Dr.  Keil- 
hack  remarks  that  this  is  a  **  false  conclusion,"  by  which  I  sup- 
pose he  means  merely  that  he  does  not  agree  with  me.  It  will 
be  time  enough,  however,  to  call  my  conclusions  false  when  he 
has  succeeded  in  proving  that  the  upper  and  lower  bowlder  clays 
of  the  Baltic  coast  lands  are  of  the  same  age  as  the  upper  and 
lower  bowlder  clays  of  the  Elbe  valley.  At  present  he  merely 
assumes  that  they  are,  and  expects  me  to  accept  his  dTctum  in 
lieu  of  direct  evidence  or  reasonable  argument. 

Dr.  Keilhack  further  remarks  that  if  I  am  right  in  my  view 
that  the  terminal  moraine  of  the  Baltic  Ridge  defines  the  southern 
limits  of  a  distinct  glaciation,  he  cannot  understand  why  each  of 
the  other  terminal  moraines  occurring  to  the  north  of  it  may  not 
also  represent  the  edge  of  the  ice  during  a  distinct  glacial  epoch. 
**On  this  basis,"  he  says,  **the  so-called  'last  glacial  epoch' 
would  have  to  be  divided  into  four  if  not  five  epochs,  so  that 
even  the  most  fanatical  advocate  for  as  many  glacial  periods  as 
possible  would  be  terrified."  I  am  sorry  if  Dr.  Keilhack  cannot 
distinguish  any  difference  between  the  position  and  character  of 
the  very  pronounced  terminal  moraine  of  the  Baltic  Ridge  and 
the  distribution  and  character  of  the  minor  moraines  of  retreat 
which  lie  behind  it.  For  myself  I  have  no  more  difficulty  in 
distinguishing  between  the  two  sets  of  moraines  than  I  have  in 
the  case  of  the  morainic  ridges  of  the  inner  zone  of  the  Alpine 
paysage  morainique.  In  Britain,  just  as  in  the  Alpine  Vorland 
and  in  north  Germany,  the  large  moraines  of  our  district-  and 
valley-glaciers  are  succeeded  by  numerous  smaller  moraines 
of  retreat.  In  North  America,  also,  geologists  find  no  diffi- 
culty in  differentiating  between  the  first  zone  of  great  moraines 
of  the  Wisconsin   formation,  which  mark   the   edge  of  a  sep- 


336  JAMES  GEIKIE 

arate  ice-sheet,  and  the   moraines  of  retreat  that  occur  behind 
them. 

The  southern  limits  of  the  Polandian  ice-sheet  in  Britain  and 
Germany  alike  is  bordered  by  more  or  less  thick  banks  and 
sheets  of  morainic  gravels.  These  are  the  only  terminal 
moraines  connected  with  the  ground-moraine  of  that  ice-sheet. 
Although  the  surface  of  that  ground-moraine  is  often  abun- 
dantly strewn  with  fluvio  glacial  detritus  it  shows  no  lines  of  ter- 
minal moraines  comparable  to  those  of  the  Baltic  Ridge  in 
Germany  and  of  the  valley -glaciers  and  local  ice-sheets  in 
Britain.  The  latter  bear  witness  to  vigorous  glacial  action  — 
they  have  not  merely  been  dumped  upon  the  ground,  for  the 
local  ice-flow  has  in  many  places  ploughed  into  and  pushed  up 
preexisting  bowlder  clay  and  ground  out  hollows  in  the  solid 
rocks.  The  terminal  moraines  of  the  Baltic  Ridge  no  doubt  con- 
sist largely  of  water-worn  materials,  just  as  is  the  case  with  the 
moraines  of  all  sheet-like  or  Piedmont  glaciers,  and  much  of  the 
material  has  been  dumped.  But  they  also  yield  evidence  of 
glacial  push,  for  ground-moraine,  confusedly  commingled  with 
gravel  and  sand,  not  infrequently  enters  into  their  composition. 
The  lines  of  moraines  and  the  irregular  mounds,  banks,  and 
sheets  of  water-worn  materials  which  are  distributed  over  the 
ground  between  the  Baltic  Ridge  and  the  shores  of  the  Baltic 
Sea  are  simply  moraines  of  retreat  and  fluvio-glacial  deposits, 
and  I  hope  no  ** fanatical"  glacialist  will  ** terrify"  either  him- 
self or  Dr.  Keilhack  by  suggesting  that  they  indicate  ''four  if 
not  five"  separate  glacial  epochs. 

(5)  Dr.  Keilhack  further  objects  to  my  conclusion  that  the 
terminal  moraines  of  the  Baltic  Ridge  mark  the  limits  of  an  inde- 
pendent glaciation,  because  he  thinks  these  moraines  cannot  be 
correlated,  as  I  have  supposed,  with  the  Alpine  valley-moraines 
belonging  to  Professor  Pcnck's  **  first  postglacial  stage."  The 
Baltic  Glacier  of  my  fourth  glacial  epoch  (Mecklenburgian), 
according  to  him  was  of  such  immense  size  and  so  little  inferior 
to  the  ice-sheets  of  earlier  stages  that  such  correlation  as  I  have 
attempted  is  almost  impossible.     And  he  gives  a  graphic  repre- 
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sentation  to  show  the  ''unnaturalness**  of  my  classification. 
Such  graphic  representations,  however,  unless  they  are  con- 
structed on  sound  principles,  are  apt  to  express  rather  the  views 
of  the  draughtsman  than  the  actual  facts  of  nature.  Dr.  Keil- 
hack's  diagrams  are,  in  my  opinion,  constructed  on  a  wrong 
principle,  and  were  I  to  draw  similar  diagrams  they  would  show 
a  different  result.  But  as  my  critic  would  probably  be  no  more 
satisfied  with  my  graphic  representation  than  I  am  with  his,  I 
prefer  to  give  one  constructed  a  year  or  two  ago  by  an  indepen- 
dent authority  —  Dr.  Du  Pasquier,  whose  recent  untimely  death 
every  student  of  glacial  geology  must  deplore.  For  purposes  of 
comparison  Dr.  Keilhack's  diagrams  are  also  given. 

Alps  (Keilhack). 

I  I 1 

II  I 1 

III.  I 1 

IV.  I 1 

North  Europe   (Keilhack). 

I  I 1 


II.  \ 

III.  !• 

IV.  H 


XI- 


Alps   (Du  Pasquier). 


z  I 1 

z\ 1 

The  first  thing  that  strikes  one  in  comparing  Dr.  Keilhack's 
representation  of  the  Alpine  glacial  system  with  that  given  by 
the  eminent  Swiss  geologist  is  the  discrepancy  between  the  lines 
representing  the  last  three  glacial  stages  (II, III,  and  IV  of  Keil- 
hack ;  Y,  Z,  Z*,  of  Du  Pasquier).  Dr.  Keilhack  obtained  his  lines 
by  simply  measuring  the  length  of  individual  glaciers  on  the  north 
side  of  the  central  Alps,  but  Du  Pasquier  has  followed  a  differ- 
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ent  plan.  He  says  :  **  La  longueur  des  lignes  representant  Ics 
glaciations  successives  est  proportionelle  aux  aires  glacises.  Le 
rapport  des  aires  glaciees  aux  differentes  epoques  X,  Y,  Z,  Z', 
est  presque  identique  dans  le  Nord  de  TEurope  et  dans  les 
Alpes,  et  parait  devoir  €tre  exprime  par:  0,7  (?)  :  I  :o,66:o,27 
en  moyenne."  * 

If  Dr.  Keilhack,  instead  of  estimating  the  extent  of  the 
several  ice-sheets  of  northern  Europe  by  drawing  lines  from  the 
north  end  of  the  Gulf  of  Bothnia  into  Germany,  will  contrast 
the  superficial  areas  of  the  successive  glaciations  he  will  prob- 
ably come  nearer  the  truth.  He  will,  at  all  events,  ascertain  that 
De  Geer's  great  Baltic  Glacier  (Mecklenburgian)  large  though  it 
was,  yet  covered  a  much  smaller  area  than  that  occupied  by  the 
preceding  Polandian  ice-sheet.  Nothing  could  be  more  absurd 
than  to  describe  the  last  great  Baltic  Glacier  as  being  **  little 
inferior  to  those  of  earlier  epochs."  It  was  very  much  inferior, 
and  quite  comparable,  as  Du  Pasquier  has  said,  with  the  Alpine 
valley-glaciers  which  are  represented  in  his  diagram  by  the 
line  Z^ 

In  correlating  the  Alpine  valley-moraines  of  Professor  Penck's 
** first  postglacial  stage**  with  the  terminal  moraines  of  the  great 
Baltic  Glacier  I  was  well  aware  that  no  interglacial  beds  had 
been  observed  underlying  the  former.  I  knew  quite  well  that 
the  valley-moraines  in  question  were  generally  considered  to 
mark  pauses  in  the  retreat  of  the  great  glaciers  of  the  inner  zone. 
Latterly,  however,  Du  Pasquier  had  begun  to  doubt  if  such  were 
really  the  case.  Quite  recently  he  had  detected  evidence  to 
show  that  the  formation  of  the  moraines  of  the  "first  post- 
glacial stage  '*  bad  been  preceded  by  an  interglacial  interval  of 
fluviatile  or  lacustrine  accumulation.  As  Du  Pasquier's  observa- 
tions are  the  first  of  the  kind  recorded,  I  shall  quote  what  he 
says  on  the  subject : 

Au-dessus  de  I'^tage  glaciaire  Z  (see  his  diagram)  encore  deux  ou  trois 
systcmes  de  moraines  au  moins,  se  terminant  vers  I'aval  en  nappes  d*allu- 
vions  pr^c^dent  les  moraines  actuelles.   Ces  systcmes,  tr^s  clairement  marqu^ 

«  See  Bulletin  de  la  Soc.  Neuchat.  de  Geogr.,  VIII  (1894-5). 
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dans  les  Alpes,  se  retrouvent  en  Ecosse ;  ils  ne  paraissant  pas  avoir  encore 
^t^  suffisamment  ^ludi^s  ailleurs.  Ces  moraines  terminales,  ^chelonn^es  le 
long  des  valines,  marquent-elles  simplement,  comme  on  Tadmet  d'ordinaire, 
des  moments  d'arr6t  dans  la  retraite  g^n^rale  des  glaces?  II  nous  paraft  bien 
douteux  qu*il  ne  s'agisse  que  de  cela.  D'abord,  comme  nous  Tavons  dit  en 
traitant  des  glaciers  actuels,  les  moraines  terminales  ne  se  produisent  gu^re 
que  pendant  I'arrM  qui  s^pare  une  phase  de  crue  d'une  phase  de  d^crue  con- 
secutive. D'autre  part,  dans  notre  Jura  en  particulier,  certaines  localit^s  nous 
pr^sentent,  entre  les  moraines  Z  et  d'autres  subs^quentes  soit  Z ',  des  d^pdts 
iluviaux  ou  lacustres  assez  considerables  qui  font  penser  que  le  drainage 
glaciaire  avait  fait  place  ^  un  drainage  fluvial.  Ces  moraines  jurassiennes 
Z\  nous  paraissent  ^tre  6quivalentes  k  certaines  moraines  alpines  qui  forment 
un  ensemble  bien  caract^ris^  et  qui  seraient  elles-mdmes  ^quivalentes  aux 
moraines  dites  baltiques  de  I'Europe  septentrional e.  Nous  pensons  done 
plut6t  que  ces  moraines  Z ',  marquent  une  6poque  glaciaire  distincte,  sans 
pr^juger  en  aucune  fa^on  de  la  valeur  de  I'intervalle  interglaciaire  qui  les 
s^pare  de  I'^poque  Z  et  qui  dut,  k  en  juger  par  I'importance  relative  des 
ph^nom^nes  d'alt^ration,  dtre  bien  plus  court  que  les  precedents. ' 

I  have  now  I  think  taken  note  of  all  Dr.  Keilhack's  remarks 
and  criticisms  which  seem  to  call  for  any  reply. 

James  Geikie. 

'  Loc.  cit. 


THE  POST-PLEISTOCENE  ELEVATION  OF  THE  INYO 
RANGE,  AND  THE  LAKE  BEDS  OF  WAUCOBI 
EMBAYMENT,    INYO   COUNTY.   CALIFORNIA. 

The  following  notes  are  the  result  of  observations  made  in 
the  summers  of  1894  and  1896.  My  routes  were:  first,  from 
Alvord  Station  on  the  Carson  and  Colorado  Railroad  eastward  on 
the  Saline  Valley  road,  passing  through  Waucobi  Canyon  and 
over  the  divide  seventeen  miles  E.  S.  E.  of  Alvord ;  second,  from 
Alvord  through  Soldier  Canyon,  over  the  range  to  Deep  Spring 
Valley. 

As  seen  from  the  foothills  of  the  Sierra  Nevada,  looking 
across  Owens  Valley,  the  axis  of  the  low  portion  of  the  Inyo- 
White  Mountain  Range,  between  Soldier  Canyon  and  the  ridge 
south  of  Waucobi  Canyon,  arches  strongly  to  the  eastward,  and 
forms  a  broad  embayment  between  Soldier  Canyon  on  the  north 
and  the  head  of  Waucobi  Canyon  on  the  south.  (Fig.  i.)  The 
range  from  east  of  the  divide  at  the  head  of  Owens  Valley  to 
Owens  Lake  is  practically  one,  but  unfortunately  it  has  been 
given  the  name  of  White  Mountain  to  the  north  and  of  Inyo 
Range*  to  the  south  of  the  embayment.  Inyo  is  here  used  to 
include  the  range  south  of  Soldier  Canyon.  For  the  broad 
embayment  formed  I  use  the  name  Waucobi,  and  for  the  ancient 
lake  in  which  the  lake  beds  were  deposited  the  name  Waucobi 
is  also  adopted.  It  was  the  examination  of  the  lake  beds 
deposited  in  Waucobi  embayment  that  led  me  to  conclude,  from 
their  position,  that  a  marked  orographic  movement  had  taken 
place  in  the  Inyo  Rangq  since  Pleistocene  time. 

In  crossing  Owens  Valley,  from  Alvord  Station  eastward, 
the  lake  beds  are  met  with  about  a  mile  and  a  half  east  of  the 
station,  at  an  elevation  of  100  feet  above  the  railroad  track. 
(^7,  Fig.  2.)     They  extend  north  of  this  point  along  the  western 

'  Am.  Jour.  Sci.,  March  1895,  3d  series.  Vol.  XLIX,  p.  169. 
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foot  of  the  White  Mountain  Range  for  fifteen  miles  or  more. 
Near  Black  Canyon  they  occur  well  up  the  slopes,  and  traces  of 
them  were  seen  north  of  a  line  passing  through  Bishop  Station; 
to  the  south  they  appear  for  a  short  distance  beyond  the 
entrance  to  Waucobi  Canyon.   As  seen  from  Alvord  Station,  the 


Fic.  I.    Map  showing  the  general  relations  of  Soldier  and  Waucobi  Canyont  to 
Owens  Valley  and  the  Inyo  Raoge.    (Taken  from  Lieutenant  Wheeler's  map.) 

beds  extend  from  the  south  side  of  Waucobi  Canyon  north 
across  the  broad  embayment  to  Soldier  Canyon,  and  westward 
from  three  to  ten  miles,  rising  with  the  slope  to  the  foot  of  the 
encircling  ridge  of  Cambrian  quartzites.  {b.  Fig,  2.)  The  beds 
at  the  Devils  Gate  in  Waucobi  Canyon  are  2250  feet  above  the 
lowest  bed  exposed  east  of  Alvord,  and  appear  to  be  the  same 
as  those  at  the  lower  level ;  they  extend  on  up  the  canyon  to  a 
level  3100  feet  above  the  valley  bottom  at  Alvord  Station  and 
within  about  three  miles  of  the  summit  (below  c.  Fig.  2)  at  the 
head  of  the  canyon. 
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The  strata  of  the  lake  beds  section  three  miles  up  the  canyon 
are  largely  a  Roe  calcareous  deposit,  with  more  or  less  arenaceous 
and  argillaceous  matter  in  the  form  of  fine  sand.  Some  of  the 
white  beds  are  made  up  almost  entirely  of  the  remains  of  fresh- 
water shells  of  the  following  genera,  as  identified  by  Dr.  W.  H. 
Dall :  Valvata,  Planorbis,  Pisidium  ?,  and  possibly  Amnicola  and 
Pampholyx.     The  species  are  undetermined,  but  resemble  Val- 


Pig.  2.  View  of  Waucobi  cmbaj-ment  from  the  foothills  of  the  Sieira  Nevwh, 
a  Lake  beds  at  the  level  of  Owen's  Valley;  b,  contact  of  lake  beds  with  the  CambtuB 
quartzites;  c.  point  above  the  bighest  exposure  of  the  lake  beds  in  Waucobi  CuiJOBl 
d,  point  of  Inyo  Range  overlooking  Deep  Spring  Valley  on  the  east;  t,  Wancob^ 
Mountain  south  of  Waucobi  Canyon. 

vata  sincera  Say  and  Plmtorbis  parvus  GId.  "  Any  of  them  might 
be  recent  or  Pliocene ;  my  impression  from  the  mass  is  that  they 
are  Pleistocene." 

As  the  beds  approach  the  steeper  slope  of  the  mountain, 
about  ten  miles  above  the  mouth  of  Waucobi  Canyon,  the  sedi- 
ments become  coarser  and  coarser,  and  brown  arenaceous  beds 
predominate  over  the  drab  and  light  gray  sediments.  Near  the 
contact  with  the  quartzites,  a  little  below  Devils  Gate,  bowlders 
of  the  quartzite  a  foot  or  more  in  diameter  occur  in  the  coarse 
sediments,  and  the  contact  of  the  lake  beds  and  the  Cambrian 
quartzites  is  finely  shown  on  the  south  side  of  the  canyon. 

At  a  point  about  two  miles  above  Devils  Gate,  and  3000  feet 
above  the  lowest  lake  bed  observed  in  Owens  Valley,  there  is  a 
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fine  exposure  on  the  south  side  of  the  Saline  Valley  road,  which 
is  the  highest  seen  in  the  canyon  that  might  be  referred  without 
doubt  to  the  lake  beds.  The  band  exposed  is  about  six  feet  in 
thickness,  formed  of  layers  of  white,  very  finely  granular  sedi- 
ment, which  crumbles  under  strong  pressure.     It  is  capped  by 


Fic.  3.  Lake  beds,  WHucobi  Cinyor..  Inyo  Range.  About  live  miles  above 
Owens  Valley.  The  dark  Cambrian  rocks  of  the  White  Mounlain  Range  north  of 
Soldier  Canyon  are  shown  on  the  left  upper  half  o(  the  plate. 

layers  of  fine  conglomerate  formed  of  small  angular  fragments 
of  quartzite. 

The  greatest  thickness  of  the  beds  observed  at  any  one  point 
was  estimated  at  150  feet.  The  finer,  light  colored  calcareous 
beds  vary  from  sixty  to  seventy-five  feet  in  thickness.  Near  the 
valley  the  average  dip  is  3°  to  5°.  About  two  miles  up  it 
increases  to  10°  for  a  short  distance  and  then  changes  to  from 
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3°  to  5°  in  its  continuation  up  the  canyon.  The  rise  of  the  can- 
yon bottom  is  nearly  coincident  with  that  of  the  lake  beds. 

The  upper  surface  of  the  lake  beds  throughout  the  Waucobi 
embayment  is  covered  by  a  layer  of  debris  formed  of  fragments 
of  arenaceous  limestone,  siliceous  shale,  and  quartzite  that  have 
been  brought  down  from  the  mountain  slopes.  Numerous  washes 
and  canyons  have  cut  through  this  mantle  of  drift  and  more  or 
less  into  the  lake  beds  beneath.  The  general  character  of  the 
deposit  is  well  shown  in  the  accompanying  figure  (Fig.  3). 

The  lake  beds  are  of  essentially  the  same  character  as  those 
described  by  Mr.  G.  K.  Gilbert  as  occurring  in  the  Lake  Bonne- 
ville basin,  and  by  Professor  I.  C.  Russell  as  occurring  in  the 
Lake  Lahontan  basin.*  They  were  evidently  deposited  in  the 
bottom  of  a  lake,  into  which,  near  the  shoreline,  coarse  material 
was  washed  from  the  mountains,  the  finer  sand  and  silt  being 
carried  farther  out  and  deposited  with  the  calcareous  sediment 
and  remains  of  fresh-water  shells. 

There  may  be  no  a  priori  reason  why  such  deposits  should 
not  have  been  made  upon  a  lake  bottom  sloping  from  3°  to  5**, 
but  this  is  improbable,  and  it  would  presuppose  the  existence  of 
a  lake  3000  feet  in  depth  over  the  site  of  the  present  Owens 
Valley.  If  such  a  lake  existed,  there  must  have  been  a  barrier  to 
the  south  of  Owens  Lake,  of  which  no  trace  now  remains.  This 
is  not  at  all  probable.  South  of  Owens  Lake  the  divide  is  about 
220  feet  above  the  lake."  There  is  no  appearance,  as  viewed 
from  the  south  end  of  the  Inyo  Range,  of  the  remains  of  a  great 
barrier  between  Owens  Lake  and  the  drainage  basin  to  the  south. 

A  second  conception  is  that  the  Inyo  Range  has  been  ele- 
vated, the  range  and  the  country  to  the  eastward  rising  and  tilt- 
ing the  lake  beds  toward  Owens  Valley  and  the  Sierra  Nevada. 

The  accompanying  diagrammatic  sketch  (Fig.  4)  illustrates 
the  relations  of  the  Sierra  Nevada,  Owens  Valley,  the  Inyo 
Range,  and  the  lake  beds  resting  on  the  westward  slope  of  the 
Waucobi  embayment. 

■  Mon.  U.  S.  Geol.  SurveVi  Vols.  I  and  XI. 

*  Owens  Lake,  3567  feet  above  sea  level ;  Hawai  meadows,  3782  feet  at  divide. 
Wheeler). 
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The  view  of  the  lake  beds  taken  from  the  foothills  of  the 
Sierra  Nevada,  looking  eastward  across  Owens  Valley,  shows  the 
lake  beds  at  a.  Fig.  2,  at  the  level  of  the  valley,  and  various  out- 
crops from  point  to  point  toward  the  foot  of  the  mountain  at  b. 

SierraHevada                                                                                              Inyo  Range 
^  Lake  beds  — £• "^^    ^ooo^ 


Ot^fBfts  Va/fey 

See  Lere/ 


Fig.  4.     Diagrammatic  outline  section  from  the  Sierra  Nevada  to  the  summit  of 
the  Inyo  Range,  a  little  north  of  Waucobi  Canyon. 

The  lake  beds  continue  up  Waucobi  Canyon  to  a  point  approxi- 
mately beneath  the  letter  r,  where,  as  previously  stated,  they  are 
3000  feet  higher  than  the  lowest  beds  at  a. 

The  view  includes  the  greater  part  of  the  Waucobi  embay- 
ment,  but  does  not  extend  on  the  north  (left)  as  far  as  Soldier 
Canyon.  The  high  point  atrf  forms  the  summit  of  the  ridge  east 
of  the  Waucobi  embayment  and  overlooks  Deep  Spring  Valley 
to  the  northeastward.  This  part  of  the  range,  from  d  to  the 
head  of  the  Waucobi  Canyon  above  c,  forms  the  eastern  portion 
of  the  block  which  appears  to  have  been  tilted  toward  the  base 
of  the  range  at  a.  On  the  northeastern  side  the  slope  of  the 
range  extends  down  to  the  level  of  Deep  Spring  Valley.  It  was 
on  the  southeastern  side  of  this  valley  that  I  found  evidence  of  a 
comparatively  recent  fault  which  is  of  great  interest  in  con- 
nection with  the  view  that  the  Inyo  Range  has  been  raised  to 
the  eastward  and  tilted  to  the  westward  within  comparatively 
recent  times.  The  best  locality  at  which  to  examine  the  fault 
line  is  on  the  southern  side  of  the  valley,  at  a  point  about 
seventeen  miles  north  of  the  head  of  Waucobi  Canyon.  Here 
there  is  evidence  that  the  bottom  of  the  valley  is  sinking  in  rela- 
tion to  the  mountains  on  the  southeastern  side.  This  is  shown 
by  the  presence  of  a  comparatively  recent  fault  scarp  at  the  foot 
of  the  ridge  and  the  truncating  of  the  spurs  along  the  base  of  the 
ridge  where  the  fault  scarp  is  not  otherwise  defined.  Great 
springs  flow  out  along  the  line  of  the  fault,  and  Mr.  Lewis  Payson 
informed  me  that  he  had  been  unable  to  find  bottom,  by  any 
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means  at  his  command,  in  the  large  pools  into  which  the  springs 
flow,  and  that  where  wagons  formerly  crossed,  at  the  south- 
eastern end  of  the  flat  surrounding  the  springs,  animals  are  fre- 
quently mired  in  the  soft  mud  of  the  flat.  The  fault  cuts  through 
the  Pleistocene,  leaving  a  northward-facing  wall  from  twenty 
to  thirty  feet  in  height  overlooking  the  pools  and  bogs.  A 
distant  view  of  the  ridge  on  the  southeastern  side  of  the  valley  is 
shown  in  Fig.  5.  The  fault  scarp  mentioned  is  directly  beneath 
a,  and  the  extension  of  the  fault  crosses  the  ridge  a  little  to  the 
right  of  a. 

The  eastern  slopes  of  the  Inyo  Range  ten  miles  south  of 
Waucobi  Canyon,  and  south  of  the  road  which  passes  east  from 
the  divide  to  Saline  Valley,  are  very  steep  and  join  the  bottom 
of  Saline  Valley  as  abruptly  as  the  ridge  on  the  southeastern  side 
of  Deep  Spring  Valley  meets  the  level  valley  bottom.  (Fig.  5.) 
Until  a  good  topographic  map  of  this  region  is  made,  it  will  be 
impossible  to  trace  and  connect  the  relations  of  the  various  faults 
and  evidences  of  comparatively  recent  disturbance ;  but  I  think 
that  there  is  sufficient  evidence  in  the  sinking  of  the  southern 
margin  of  Deep  Spring  Valley,  in  the  phenomena  observed  to 
the  south  in  Saline  Valley,  and  in  the  position  of  the  Waucobi 
lake  beds,  to  sustain  fairly  well  the  view  that  the  range  has  been 
elevated  to  the  eastward  and  tilted  to  the  westward. 

The  total  amount  of  the  uplift  cannot  be  accurately  deter- 
mined, as  there  was  undoubtedly  a  slope  at  the  bottom  of  Waucobi 
Lake  from  its  margin  toward  the  present  site  of  Owens  Valley. 
It  was  probably  not  much  greater  than,  if  as  great  as,  the  elevation 
of  the  present  divide  south  of  Owens  Lake,  which  is  about  220 
feet.  It  is  to  be  borne  in  mind,  however,  that  perhaps  in  the  tilt- 
ing of  the  range  the  western  edge  under  Owens  Valley  has  been 
depressed,  and  that  the  valley  has  been  silted  up  by  the  wash 
brought  down  by  the  river  and  from  the  adjoining  mountains, 
quite  as  rapidly  as,  if  not  more  rapidly  than,  the  tilting  of  the 
Inyo  Range  has  carried  down  the  floor  of  the  valley.  If  this  is 
correct,  the  total  elevation  of  the  range  since  the  lake  beds  were 
deposited  may  be  as  great  as  or  greater  than  the  difference  in  the 
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level  of  the  lake  beds  at  the  margin  of  the  valley  and  the 
highest  point  in  Waucobi  Canyon,  or  3000  feet.  There  are  so 
many  factors  that  might  be  considered  with  more  data,  that  only 
an  approximation  can  now  be  made  of  the  total  displacement. 

We  are  justified,  I  think,  in  placing  it  at  about   3000  feet,  and 


Kk;.  5.  View  of  southeastern  portion  of  Deep  Spring  Valley,  showing  pond  near 
sprini!,  aj)d  the  north  face  nf  the  ridge  Ilial  extends  northeastward  fiom  the  Inyo 
Range,  a,  Hosilion  o(  fault  cutting  IhrouKh  Ihc  ridge;  b,  southwestern  end  of  th« 
ridge  where  it  unites  with  the  Inyo  Kange. 

thus  recording  the  fact  that  a  movement  of  considerable  magni- 
tude has  occurred.  That  the  movement  is  comparatively  recent 
is  proved  by  the  characters  of  the  lake  beds  and  their  contained 
fossils,  which  indicate  the  age  of  the  deposits  to  be  late  Pliocene 
or  Pleistocene. 

It  is  interesting  to  note  in  this  connection  the  account  of  the 
earthquake  that  occurred  in  Owens  Valley  in  1872.  This  earth- 
quake, according  to  Professor  j.  U.  Whitney,'  originated  in 
Owens  Valley,  and  its  occurrence  was  accompanied  by  a  sinking 
of  strips  of  land.  Mr.  G.  K.  Gilbert  visited  Owens  Valley 
eleven  years  later,  and  in  his  observations  on  the  subject  he  says 
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that  "the  principal  scarp  produced  by  the  earthquake  follows 
the  base  of  the  alluvial  foot  slope  of  the  Sierra  Nevada,  and  has 
a  maximum  height  of  about  twenty  feet.  Where  this  height  is 
attained  there  is  a  companion  fault  scarp  ten  feet  high  facing  in 
the  opposite  direction,  so  that  the  net  displacement  is  about  ten 
feet.  At  other  points  the  main  scarp  is  associated  with  others 
running  nearly  parallel  and  facing  in  the  same  direction."' 

Professor  Whitney,  in  his  discussion  of  the  earthquake*  sug- 
gests that  such  disturbances  might  have  their  origin  in  the  com- 
pression exercised  by  an  enormous  weight  of  material  raised  to 
a  vertical  height  of  two  or  three  miles  above  the  surrounding 
country. 

The  extent  of  the  tilting  of  the  Inyo  Range  to  the  south  of 
Waucobi  Canyon  is  not  readily  determinable.  The  eastern  face 
of  the  range,  toward  Saline  Valley,  indicates  the  presence  of  a 
fault  line,  and  the  steepness  of  the  slopes  near  the  valley  that 
the  faulting  is  of  relatively  recent  date.  On  the  Owens  Valley 
side  the  slopes  are  also  steep,  but  at  the  mouths  of  the  canyons 
there  are  great  accumulations  of  talus  that  extend  far  out  into 
the  valley,  and  the  monoclinal  character  of  the  range  is  broken 
by  the  presence  of  arching  masses  of  strata  of  Triassic  age,  dip- 
ping westward. 

North  of  the  embayment,  along  the  high,  broad  mass  of  the 
White  Mountain  Range,  no  evidence  of  recent  elevation  or  tilt- 
ing was  observed  in  the  hurried  trip  through  Owens  Valley 
along  the  western  foot  of  the  range. 

In  a  paper  now  in  preparation  I  shall  describe  certain  types  of 
faulting  and  tilting  of  monoclinal  blocks  of  strata  that  are  char- 
acteristic of  the  Great  Basin  area  of  Utah,  Nevada,  and  south- 
eastern California.  The  principal  illustrations  will  be  taken  from 
faulted  slabs  of  limestones  collected  in  Waucobi  Canyon  on  the 
western  slope  of  the  Inyo  Range,  and  it  is  anticipated  that  they 
will  aid  in  explaining  the  dynamics  of  such  a  movement  as  has 
evidently  taken  place  in  that  portion  of  the  Inyo  Range  which 
is  described  in  this  paper.  Charles  D.  Walcott. 

*Mon.  U.  S.  Geo!.  Survey,  Vol.  I,  1890,  p.  361.  "Loc.  cit,  p.  276. 
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V.       SUMMARY    AND    CONCLUSION. 


The  volcanoes  which  have  been  described  in  the  preceding 
papers  belong  to  the  main  Italian  line  which  extends  west  of 
the  Apennines  from  Tuscany  to  Naples,  and  which  may  be 
called  the  Bolsena- Vesuvius  line.  In  a  paper  already  quoted  on 
the  ''Extinct  Volcanoes  of  the  Northern  Apennines"  de  Stefani* 
calls  attention  to  the  fact  that  these  volcanoes  mav  be  referred 
to  two  distinct  types,  distinguished  not  only  by  their  structure, 
but  by  their  eruptive  rocks. 

One  type  is  that  of  the  great  strato-volcanoes,  represented 
at  Bolsena,  Viterbo,  Bracciano,  and  the  Alban  Hills,  as  well  as 
at  Rocca  Monfina  and  Vesuvius  farther  south.  The  main  struc- 
tural features  of  these  have  been  already  noticed.  Petrograph- 
ically  these  strato-volcanoes  are  characterized  by  two  features. 
In  the  first  place  leucitic  rocks  are  very  abundant  at  all  of  them, 
and  form  indeed  their  dominant  and  most  characteristic  feature. 
These  are  accompanied  in  most  cases,  not  always,  by  non-leucitic 
rocks — ciminites  and  vulsinitcs,  with  exceptionally  phonolite 
at  Viterbo  and  toscanite  at  Bracciano.  True  trachvtes  are  met 
with  in  abundance  in  the  Vesuvian  region  and  in  small  amount 
at  Rocca  Monfina,  but  elsewhere  seem  to  be  rare.  Their  second 
characteristic  is  the  variety  of  eruptive  products  at  each  center, 
both  among  the  leucitic  and  the  non-leucitic  rocks,  as  well  as 
the  abundance  of  tuffs.  Though  the  variety  be  great,  yet  the 
rocks  of  each  bear  a  great  resemblance  to  those  of  the  other  cen- 
ters, so  much  so  that  the  whole  line  (including  the  centers  of 
the  second  type)  form  an  excellent  example  of  a  **petrograph- 
ical  province,"  and  it  is  clear  that  the  products  of  all  the  centers 
are  related  to  each  other  genetically. 

*  Dk  Stefani,  Boll.  Soc.  Geol.  Ital.,  X,  449-555.  1891. 
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To  the  northwest  of  Bolsena  and  between  the  line  of  vol- 
canoes just  noticed  and  the  coast  are  the  eruptive  centers  form- 
ing de  Stefani's  other  type.  The  most  noteworthy  are  those  at 
Campiglia,  Rocca  Strada,  Monte  Catini,  Monte  Amiata,  Radi- 
cofani,  Tolfa,  and  Cerveteri.  These  are  all  of  relatively  small 
extent,  and  are  in  general  higher  in  proportion  to  their  breadth 
than  the  strato-volcanoes.  Some  of  them,  as  Tolfa  and  Cerve- 
teri, were  superfusive  and  apparently  formed  by  domal  eruptions 
of  a  pasty  magma.  Monte  Amiata  was  probably  a  true  strato- 
volcano.'  According  to  Lotti*  the  Campiglic  mass  was  lacco- 
litic  in  character,  being  covered  by  arching  Eocene  beds.  It  is 
noteworthy  that  dikes,  which  are  practically  unknown  elsewhere, 
are  quite  numerous  here. 

As  de  Stefani  points  out,  these  smaller  eruptions  differ  from 
the  large  volcanoes  in  two  important  petrographical  particulars. 
First,  each  individual  mass  is  made  up  substantially  of  one  kind, 
of  eruptive  rock,  the  rock  type  at  each  being  practically  per- 
sistent throughout  the  mass.  This  persistency  of  type  at  each 
is  in  marked  contrast  with  the  great  variety  of  products  found 
at  each  of  the  strato-volcanoes.  In  the  second  place  these 
smaller  eruptions  seem  never  to  have  produced  leucitic  rocks — 
at  least  none  are  known  with  certainty  to  occur  as  their  products. 
They  are  uniformly  non-leucitic  and  trachydoleritic,  and  extreme 
in  type  —  either  acid  or  basic.  The  rocks  of  Campiglia,  Rocca 
Strada,  Monte  Amiata,  Tolfa,  and  Cerveteri  belong  to  the  tos- 
canites  —  acid  trachydolerites  with  over  65  per  cent,  of  silica 
with  or  without  free  quartz;  while  those  of  Radicofani,  and 
probably  also  those  of  Monte  Catini,  are  basic  in  character,  with 
SiOg  about  or  below  55  per  cent.,  and  belong  either  to  the  cim- 
inites  or  the  basalts. 


TRACHYDOLERITES. 


r 


The  intermediate  potash-rich  rocks  which  arc  found  along 
the  Bolsena- Vesuvius  line  carry  basic  plagioclase-labradorite  to 

»  Dk  Stefani,  Boll.  Com.  Geol.  Ital.,  1888,  223. 
•LoTTi,  cf.  Dalmer,  Neu.  Jahrb.,  1887,  II,  207. 
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anorthite — along  with  orthoclase,  and  such  rocks  will  be  called 
collectively  in  this  paper  by  the  name  of  trachydolerite ,  a  name 
proposed  by  Abich '  as  far  back  as  1 84 1 .  This  term  seems  the 
more  appropriate  since  one  of  his  type  rocks  is  that  of  Monte 
Santa  Croce  at  Rocca  Monfina,  which  has  the  mineralogical 
characters  of  one  of  the  subgroups  with  the  chemical  composi- 
tion of  another.  For  those  intermediate  effusive  rocks  in  which 
the  plagioclase  occurring  along  with  orthoclase  is  acid — ande- 
sine  to  oligoclase — the  name  trachyandesite^  which  is  in  use  in 
France,  will  be  reserved. 

Ciminite, — The  rocks  belonging  to  this  group  are  porphyritic 
in  structure,  the  phenocrysts  being  of  augite,  olivine,  and  some- 
times feldspar,  and  the  rather  light  to  dark  groundmass  being 
seen  under  the  microscope  to  be  generally  a  hoiocrystalline 
paste  of  feldspar  with  augite  and  magnetite  grains,  glass  base 
being  rare.  The  lamprophyric  habit  of  some  of  the  specimens 
has  been  remarked  on.  The  ciminites  are  characterized  mineral- 
ogically  by  the  presence  of  alkali  feldspar  and  a  basic  plagioclase, 
augite  and  olivine,  with  accessory  magnetite  and  apatite.  Biotite 
and  hornblende  (especially  the  latter)  are  either  entirely  absent 
or  only  present  in  small  amount.  Chemically  they  are  rather 
basic,  silica  varying  from  54  to  57  per  cent.;  alumina  is  mode- 
rately high,  as  are  the  iron  oxides ;  magnesia  and  lime  quite 
high,  respectively  3  to  6  and  5  to  9  per  cent.  Alkalis  are  low 
for  the  rocks  of  the  region,  but  potash  is  uniformly  higher  than 
soda.  These  rocks  do  not  seem  to  be  very  abundant,  except  at 
the  Monti  Cimini,  where  they  apparently  occur  in  large  quan- 
tities 

In  Table  I  are  given  all  the  reliable  analyses  of  these  Italian 
rocks  which  are  known  to  the  writer,  together  with  those  of  the 
rocks  of  Radicofani.  Of  these  No.  i  of  the  flow  at  Fontana  di 
Fiesolc,  near  Viterbo,  may  be  regarded  as  typical.  Vom  Rath's 
analysis  (No.  2)  of  a  similar  rock  from  the  same  region  closely 
agrees  with  this,  the  chief  discrepancy  being  found  in  the  alkalies, 

'Abich,  Vulk.  Erscheinungen,  Brunswick,  1841,  100. 

'  This  term  has  been  used  in  a  more  general  sense  in  the  preceding  papers. 
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NOTES  TO  TABLE  I. 

1.  Fontana  Fiesole,  Viterbo,  H.  S.  Washington  anal..  Jour.  Geol.,  IV,  849,  1896. 

2.  West  slope  of  Monte  Cimino,  vom  Rath,  Zeit.  d.  d.  geol.  Ges.,  XX,  304, 1868. 

3.  Mont*  Alfina,  Bolsena  Region,  Ricciardi  anal.,   Klein,  Neu.  Jahrb.  B.  B.,  VI, 

7.  1889. 

4.  Sassara,  Bolsena  Region,  Ricciardi  anal.,  Klein,  loc,  cit.^  7. 

5.  Monte  Rado,  Bolsena  Region,  Ricciardi  anal.,  Klein.,  lo€.  cit,^  33. 

6.  Above  Ortaccio,  Campiglia,  Tuscany,  vom  Rath,  loc,  cit,,  331. 

7.  L*Arso,  Ischia,  Fuchs,  Tscher.  Min.  Mitth.,  1872,  230. 

8.  Scoria,  Le  Cremate,  Ischia,  Fuchs,  loc,  cit.^  231. 

9.  Radicofani,  vom  Rath,  Zeit  d.  d.  geol.  Ges.,  XVII,  405,  1865. 

10.  Radicofani,  doleritic  variety,  Ricciardi  anal.,  Mercalli,  op,  cit,  post. 

11.  Radicofani,  andesitic  variety,  Ricciardi  anal.,  Mercalli,  op.  cit.post. 

which  sum  up  about  the  same,  but  whose  relative  proportions  are 
quite  different.  Ricciardi's  two  analyses  of  **olivine-bearing 
andesitic  trachyte,"  Nos.  3  and  4,  are  quite  typical,  though  the 
alkalies  are  rather  low,  as  is  generally  the  case  in  his  analyses. 
These  rocks  evidently  belong  to  the  ciminites,  as  has  been  noted 
on  a  previous  page.'  It  seems  proper  also  to  class  with  the 
ciminites  the  so-called  augite-andesite  of  Monte  Rado  in  the 
Bolsena  region'  on  the  strength  of  Ricciardi's  analysis  (No.  5), 
though  it  shows  rather  more  iron  and  less  alkalies  than  the  first 
four.  While  Klein  does  not  definitely  speak  of  orthoclase  as 
present,  he  refers  the  high  potash  either  to  the  glass  or  to  the 
presence  of  orthoclase  or  anorthoclase  among  the  feldspar  laths. 
No.  6  is  of  an  **augite-porphyry  "  forming  a  dike  at  Campiglia, 
described  by  vom  Rath,  who  says  that  **it  does  not  agree  with 
any  rock  heretofore  described  in  petrography."  It  is  porphyritic 
in  structure,  showing  phenocrysts  of  orthoclase,  plagioclase, 
augite,  a  little  biotite  and  quartz,  and  quite  abundant,  generally 
serpentinized,  olivines,  which  lie  in  a  light  to  dark  greenish  gray 
groundmass.  The  rock  examined  was  evidently  much  decom- 
posed, but  the  analysis  resembles  in  general  those  of  the  cim- 
inites, though  alumina  is  decidedly  low. 

Analysis  No.  i   yields  the  following  approximate  composi- 
tion : 

MouR.  Geol.,  IV,  554,  1896. 
»JouR.  Geol.,  IV,  554,  1896. 
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Orthoclasc, 

Albite,     • 

Anorthite, 

Olivine,  - 

Diopside, 

Magnetite, 

Accessory, 


39-4 
15.2 

22.8 

10.2 

8.7 
3.0 

0.7 
1 00.0 


I  have  also  included  among  the  ciminites,  both  on  mineral- 
ogical  and  chemical  grounds,  the  well-known  "trachyte"  of 
L*Arso  on  Ischia.  This  has  long  been  known  as  an  instance  uf 
the  exceptional  occurrence  of  olivine  in  trachyte,  and  has  been 
taken  by  Rosenbusch'  as  the  type  of  one  subgroup  of  his  **ande- 
sitic  trachytes."  Judging  from  an  examination  of  a  number  of 
sections  from  specimens  collected  on  the  spot,  plagioclase  is  not 
as  abundant  as  in  the  Viterbo  or  Bolsena  rocks.  There  are, 
however,  some  phenocrysts  with  multiple  twinning  lamellae 
whose  extinctions  show  them  to  be  labradorite,  Abj  An^  or 
more  basic ;  and  a  certain  portion  of  the  groundmass  feldspar 
laths  are  of  a  similar  plagioclase.  Olivine,  while  present  in  my 
specimens,  is  not  as  abundant  as  at  Viterbo,  but  a  colorless  diop- 
side  or  augite  is  the  prominent  and  abundant  ferromagnesian 
constituent.'  These  observations  agree  with  the  analyses  by 
Doelter  of  the  main  flow  (No.  7)  and  of  the  scoria  of  the  crater 
at  Lc  Cremate  (No.  8),  which  show  less  magnesia  and  lime 
and  more  alkali  than  in  the  typical  ciminites. 

Though  we  possess  no  reliable  analysis  of  it,  the  so-called 
**biotite-trachyte"  of  Monte  Catini  in  Tuscany  may  perhaps  be 
regarded  as  closely  related  to  the  ciminites.  Both  orthoclase 
and  a  (basic  ?)  plagioclase  are  present  and  some  pilite  pseudo- 
morphs  after  olivine  are  noted  by  Rosenbusch,^  who  also  remarks 
upon  its  lamprophyric  character.  The  rock  is  very  remarkable 
for  the  abundance  of  olivine  along  with  biotite. 

'RosKNHUScn,  Mikr.  Phys.,  II,  773,  1896. 

»  I  could  find  no  traces  of  the  leucite  mentioned  by  vom  Rath. 

3R0SENBUSCH,  Neu.  Jahrb.,  1880,  206,  and  Mikr.  Phys.,  II,  764,  1896. 
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Closely  related  to  the  ciminites,  if  not  to  be  classed  with 
them,  are  the  interesting  rocks  of  Radicofani.  This  is  a  small 
hill  a  few  kilometers  east  of  Monte  Amiata.  The  rock  has 
been  studied  microscopically  by  Weiss,'  Bucca,'  and  Mercalli.^ 
Two  varieties  are  to  be  distinguished  —  a  doleritic  and  an  ande- 
sitic.  The  former  is  dark  gray  to  black,  very  compact  and  of 
specific  gravity  2.79  (Mercalli).  Augite,  olivine,  and  feldspar 
phenocrysts  are  visible.  Microscopically  they  resemble  the 
dolerites,  numerous  large  crystals  of  pale  augite,  olivine,  and 
plagioclase  (with  a  few  of  orthoclase,  according  to  Mercalli), 
lying  in  a  groundmass  composed  of  microlites  of  plagioclase, 
magnetite,  and  apatite  in  a  dark  glassy  base.  The  olivines  in 
this  rock  are  generally  altered  to  fibrous  green  serpentine.  The 
andesitic  variety  is  light  gray,  of  a  trachytic  aspect  and  specific 
gravity  2.683  (Mercalli).  It  shows  phenocrysts  of  olivine.  In 
thin  sections  are  seen  phenocrysts  of  plagioclase,  orthoclase, 
augite,  and  olivine  (the  last  altered  to  a  reddish  substance  on 
the  borders)  lying  in  a  groundmass  of  abundant  feldspar  micro- 
lites and  magnetite  grains,  with  a  rather  scanty  yellowish  glass 
base.  It  is  seen  that  while  the  first  variety  is  mineralogically  a 
basalt,  the  second  is  a  ciminite. 

Three  analyses  of  these  rocks  are  given  in  Table  I.  Vom 
Rath's  (No.  9)  is  of  a  specimen  of  the  andesitic  variety  and  is 
similar  to  those  of  Ricciardi.  Ricciardi's  (Nos.  10  and  ii)  dif- 
fer from  each  other  notably  only  in  the  silica,  which  is  quite  low 
in  the  doleritic  variety  though  still  higher  than  in  normal  basalts, 
and  in  the  magnesia,  which  is  extremely  high  in  the  more  basic 
variety.  Thus  while  the  silica  percentage  is  about  that  of  the 
ciminites,  alumina  is  decidedly  lower  (about  that  of  the  toscan- 
ites) ,  iron  higher,  magnesia  and  lime  very  high,  and  alkalies  low, 
but  still  higher  than  in  normal  basalts,  and  with  potash  above 
soda.  From  these  analyses  it  seems  probable  that  some  of 
Bucca's  and   Mercalli's  plagioclase  is  to  be  referred   to  alkali 

«Cf.  VOM  Rath,  Zeit.  d.  d.  gcol.  Gesell.,  XVII,  405,  1865. 

•BucCA,  Boll.  Com.  Gcol.  Ital.,  274,  1887. 

5  Mercalli,  Atti.  Soc.  Ital.  Sci.  Nat.,  XXX,  1887. 
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feldspar — perhaps  triclinic,  and  also  that  the  plagioclase  must 
be  either  a  basic  labradorite  or  anorthite.  These  rocks  may 
then  be  regarded  as  among  the  more  basic  members  of  the 
ciminitcs. 

Wc  may  finally  allude  briefly  to  the  fact  that  at  Rocca  Mon- 
fina  so-called  basalts  occur  as  products  of  the  last  phase  of 
activity,  and  that  there  is  reason  for  thinking  that  these  rocks 
much  resemble  those  of  Radicofani  and  may  be  regarded  as 
basic  ciminites/ 

Vulsifiite, —  The  rocks  belonging  to  this  group  are  porphy- 
ritic  in  structure  and  megascopically  look  much  like  typical 
trachytes.  Feldspar  phenocrysts  are  especially  prominent  and 
with  them  are  seen  smaller  crystals  of  augite  and  rare  tables  of 
biotite.  The  groundmass  is  light  gray  and  in  most  cases  is 
holocrystallinc,  or  nearly  so,  glass  being  present  in  only  small 
amount  in  the  specimens  examined.  The  feldspars  comprise  ortho- 
close  and  soda  orthoclase  and  a  basic  plagioclase — labradorite  to 
anorthite  —  in  quite  large  amount.  The  fcrromagnesian  min- 
erals arc  typically  represented  by  augite  or  diopside,  though  biotite 
is  accessory  and  is  very  abundant  in  some  of  the  basic  varieties. 
Hornblende  is  lacking  at  all  the  Italian  localities  examined, 
except  for  the  occasional  presence  of  sporadic  crystals  of  bark- 
cvikite.  Magnetite  is  generally  present,  but  not  in  large  amount. 
Both  quartz  and  olivine  are  wanting,  or  only  present  sporadically. 

The  chemical  composition  of  these  rocks  is  shown  in  Table  II. 

They  are  rocks  of  medium  acidity,  the  silica  varying  from  55 
to  60  per  cent.,  or  perhaps  somewhat  over.  Alumina  and  iron 
oxides  are  in  about  the  same  amounts  as  in  the  trachytes,  mag- 
nesia somewhat  higher,  lime  quite  high  (3  to  6  per  cent.),  and 
alkalies  in  the  most  representative  rocks  very  high,  with  potash 
largely  preponderating  over  soda.  No.  i  may  be  regarded  as 
the  type  analysis  of  a  specimen  from  Bolsena.  With  this  the 
analyses  of  vom  Rath  (No.  2)  and  Ricciardi  (No.  3)  agree 
fairly  well,  the  greatest  difference  being  in  the  alkalies.  In  No. 
I  these  are  high,  with  potash  greatly  in  excess  of  soda,  while  in 

»J<>^^'R.  Gkol,,  V,  iSq7. 
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vom  Rath's  their  total  amount  is  about  the  same  but  the  relative 
quantities  quite  different,  and  in  Ricciardi's  they  are  both  much 
lower  than  in  No.  i,  but  with  potash  in  excess.  It  may  be 
remarked  that  these  mutual  differences  are  fairly  constant  else- 
where  and  point  to  differences  in  analytical  methods  rather  than 
to  differences  in  composition. 

Another  typical  vulsinite  was  found  near  Vetralla  in  the 
Viterbo  region,  and  its  analysis  (No.  4)  closely  agrees  with  that 
of  the  Bolsena  rock.  The  San  Magno  vulsinite  (No.  5)  is  quite 
similar,  though  the  silica  is  a  little  higher  and  the  alkalies  low. 
In  regard  to  the  rocks  from  Torre  Alfina  and  San  Lorenzo  (Nos. 
6  and  7)1  must  confess  to  some  hesitation.  Klein  mentions 
olivine  as  occurring  in  notable  quantity,  though  both  analyses 
show  small  amounts  of  magnesia  and  high  silica.  The  analyses 
resemble,  indeed,  much  more  those  of  the  acid  toscanites,  and  it 
seems  probable  that  they  were  not  made  on  the  specimens  exam- 
ined by  Klein.  No.  8  is  by  Ricciardi  of  a  specimen  from  the 
Piano  delle  Macinaje  at  Monte  Amiata  sent  him  by  Verri.'  The 
analysis  is  essentially  that  of  a  vulsinite.  This  view  is  con- 
firmed by  the  description  of  Artini,'  who  states  that  it  is  gray, 
porphyritic,  and  composed  of  large  phenocrysts  of  sanidine, 
smaller  but  more  numerous  phenocrysts  of  plagioclase,  showing 
a  core  of  bytownite,  a  border  of  andesine,  with  augite  and  biotite, 
lying  in  a  groundmass  of  feldspar,  augite,  and  glass. 

Analyses  i  and  4  yield  the  following  approximate  composi- 
tions, though  the  results  are  uncertain,  owing  to  our  ignorance 
of  the  composition  of  the  biotite  and  augite : 

Orthoclase,  .  .  -  - 

Albitc,  .  .  .  .  , 

Anorthite,  -         .    - 

Diopside,       -  .  .  - 

Biotite,     -  -  -  .  - 

Accessories,  .  .  . 

1 00.0  1 00.0 

*  Ricciardi  speaks  of  it  as  labeled  **the  main  mass  of  Monte  Amiata."  Vkrri 
corrects  this  error  later  (Boll.  Soc.  Geol.  Ital.,  VIII,  1889). 

•  Artini,  Giom.  Miner.,  IV,  7,  1893. 
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NOTES  TO  TABLE  11. 

1.  Bolsena,  H.  S.  Washington  anal.,  Jour.Geol.,  IV,  552,  1896. 

2.  Bolsena,  Vom  Rath,  Zeit  d.  d.  geol.  Ges.,  XX,  291,  1868. 

3.  Bolsena,  Ricciardi  anal.,  Klein,  Neu.  Jahrb.  B.  B.,  VI,  8,  1889. 

4.  Vetralla,  near  Viterbo,   H.  S.  Washington  anal..  Jour.  Geol.,  IV,  849,  1896. 
5-  San  Magno,  Latera,  Bolsena,  Ricciardi  anal.,  Klein,  loc.  cit.,  10. 

6.  Torre  Alfina,  Bolsena,  Ricciardi  anal.,  Klein,  loc.  ci/.,  3. 

7.  San  Lorenzo,  Bolsena,  Ricciardi  anal.,  Klein,  /oc.  cit,  3. 

8.  Monte  Amiata,  Ricciardi,  Gazz.  Chim.  Ital.,  XVIII,  1888. 

9.  Monte  Santa  Croce,  Rocca  MonBna,  H.  S.  Washington  anal.,  JouR.  Geol., 
V,  252,  1897. 

10.  Monte  Santa  Croce,     Vom  Rath,  Zeit.  d.  d.  geol.  Ges.,  XXV,  245,  1873. 

In  the  last  rock  (9  and  10)  we  have  an  example  of  the 
mutual  exclusion  of  biotite  and  olivine  in  the  Italian  and  other 
trachydolerites,  to  which  attention  has  already  been  called  by 
Rosenbusch.'  It  is  mincralogically  a  biotite-vulsinite,  in  that  it 
is  free  from  olivine,  but  chemically  a  ciminite,  the  silica  being 
low  and  magnesia  and  lime  high.  The  explanation  of  this  pecul- 
iarity may  be  looked  for  in  the  complexity  of  the  biotite  mole- 
cule. It  was  pointed  out  by  Iddings'  that,  since  the  biotite 
molecuk  may  be  regarded  as  made  up  of  molecules  of  olivine 
2(Mg,  Fe)  O,  SiOg  and  feldspathoid  molecules  of  the  form  (H, 
K)  J  O.  AlgOj.  2  SiOg,  under  conditions  where  the  complex 
biotite  molecule  would  be  unstable  it  would  dissociate,  resulting 
in  the  formation  of  crystals  of  olivine  and  of  a  potash-alumina 
silicate,  either  leucite  or  orthoclase,  according  to  circumstances. 
This  explanation  has  also  been  adopted  by  Backstrom^  in  the 
case  of  the  leucite-basanites  of  Volcanello,  he  considering  them 
to  be  the  effusive  forms  of  magmas  which  would  appear  intru- 
sively as  minettes  or  kersantites.  The  same  idea  has  lately  been 
alluded  to  by  Pirsson,^  who  adds  :  **This  process  would  of  course 
find  its  most  natural  expression  in  magmas  rich  in  magnesia  and 
potash,"  which,  it  will  be  observed,  is  the  character  of  the  cim- 
inite magma. 

'  RosENBiTSCH,  Mikr.  Phys.,  II,  773,  1896. 

•  Iddings,  Origin  Igneous  Rocks,  Bull.  Phil.  Soc.  Washington,  XII,  166,  172,  1892. 
'Backstrom,  Geol.  Foren.  Stockh.  Forh.,  XVIII,  155,  1896. 

*  PiRssoN,  Jour.  Geol.,  IV,  687,  1896. 
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Applying  this  idea  to  the  rocks  at  hand  it  is  evident  that  we 
may  regard  the  olivine-bearing  ciminites  as  formed  from  rather 
basic  trachydoleritic  magmas,  rich  in  magnesia,  which  under 
other  conditions  of  solidification  would  have  assumed  the  form 
of  biotite-vulsinites  —  thus  adding  another  to  the  number  of 
cases  of  magmas  of  the  same  chemical  composition  forming  on 
solidification  different  mineral  aggregrates.  In  this  connection 
and  as  favoring  this  view  of  the  dissociation  of  the  biotite  mole- 
cule may  be  mentioned  the  great  paucity  in  biotite  of  all  the 
leucitic  rocks  of  Italy,  and,  it  may  be  added,  of  the  purely 
orthoclase-trachytes  of  Ischia.  There  seems  to  be,  indeed,  as 
demanded  by  the  theory,  a  mutual  exclusion  of  biotite  and  leu- 
cite.  Olivine,  it  is  true,  is  not  very  abundant  in  the  leucitic 
rocks,  except  at  Vesuvius,  the  magnesia  generally  entering  into 
the  pyroxene  molecules,  perhaps  owing  to  the  richness  of  the 
magma  in  CaO. 

Toscanite, —  The  rocks  belonging  to  this  group  are  highly 
porphyritic  and  a  glassy  groundmass  is  often  met  with,  though 
holocrystalline  forms  occur.  They  are  characterized  by  the 
presence,  along  with  the  alkali  feldspar^  of  a  plagioclase  which  is 
rather  more  acid  than  in  the  preceding  groups,  generally  vary- 
ing from  andesine  to  labradoritc,  though  anorthite  is  found  at 
Monte  Amiata  and  elsewhere.  The  most  constant  and  promi- 
nent ferromagnesian  mineral  is  biotite^  which  is  never  wholly 
wanting,  and  at  some  localities,  as  at  Campiglia  and  Rocca 
Strada,  is  the  only  colored  constituent.  In  other  places  (Brac- 
ciano,  Cerveteri,  and  Tolfa)  augite  or  diopside  is  abundant  along 
with  the  biotite ;  while  again,  as  at  Monte  Amiata,  hypersthene 
replaces  augite  as  companion  to  the  biotite.  Quartz  is  often 
present,  either  in  well-shaped  crystals  or  as  anhedra,  but  olivine 
is  never  found.  Magnetite  is  rare  or  absent.  Silica  is  much 
higher  than  in  the  other  groups,  varying  from  65  to  73  per  cent., 
alumina  and  iron  are  low,  magnesia  and  lime  high  considering 
the  acidity,  and  the  alkalies  also  high,  with  potash  higher  than 
soda.  We  may  then  regard  the  toscanites  as  acid  biotite-trachy- 
dolerites,  and  the  rocks  of  Bracciano,  Cerveteri,  and  Tolfa  would 


ITALIAN  PETROLOGICAL  SKETCHES  36 1 

be  augite-toscanites^  while  those  of  Monte  Amiata  would  be 
hyperstheiie-toscafiite ,  if  such  a  subdivision  be  deemed  advisable. 

In  Table  III  are  given  the  best  analyses  of  the  representa- 
tive Italian  toscanites.  Those  from  Bracciano,  Cerveteri,  and 
Tolfa  (Nos.  I,  2,  3,  4,  and  5)  have  been  already  described. 
Attention  need  only  be  called  to  the  richness  of  the  San  Vito 
rock  in  NagO  relative  to  K^O,  as  shown  by  Dr.  Rohrig's  analy- 
sis, and  confirmed  by  mine  made  later.  In  this  respect  it  is 
notable  among  the  rocks  analyzed  by  me.  The  rocks  of  Monte 
Amiata,  whose  composition  is  given  in  No.  5,  have  been  so  fully 
described  by  J.  F.  Williams,  that  the  reader  is  referred  to  his 
paper.'  The  rocks  of  Campiglia  and  Rocca  Strada,  Nos.  7,  8, 
9,  and  10,  are  purely  biotite-toscanites  and  are  all  quartz-bear- 
ing. It  will  be  observed  that  the  pyroxene-bearing  toscanites 
(1-6)  are  notably  less  acid  than  those  which  carry  only  biotite. 

Trachydolerites  elsewhere, — Having  thus  reviewed  the  main 
feature  of  the  trachydolerites  along  the  Bolsena- Vesuvius  line, 
it  will  be  of  interest  to  see  if  such  rocks  are  found  elsewhere. 
Their  geographically  nearest  counterparts  are  found  in  the 
Lipari  Islands  where  vulsinites  and  ciminites  occur  according  to 
the  descriptions  of  Sabatini'  and  Mercalli.3  It  must  be  noted, 
however,  that  these  are  not  very  abundant  and  are  associated 
with  true  rhyolitcs,  andesites,  and  basalts,  and  not  with  leucitic 
rocks.  Some  of  the  rocks  of  Monte  Ferru  in  Sardinia  and  of 
the  Ponza  Islands  may  also  belong  to  this  group,  though  there 
is  doubt  as  to  the  character  of  the  plagioclase,  and  they  may  be 
rather  trachyandesites.  Another  example  of  such  transition 
rocks  is  found  at  the  Azores,  where  Hartung^  in  i860  noted  the 
presence  of  rocks  intermediate  between  the  trachytes  and  the 
basalts,  which  he  called  by  Abich's  name  of  trachydolerite. 
The  later  investigations  of  Miigge^  have  established  the  presence 
of  such  rocks,  though  we  are  again  left  in  doubt  as  to  the  char- 

'J.  F.  Williams,  Neu.  Jahrb.  B.  B.,  V,  403  ff.,  1887. 
^CoRTESEE  Sabatini,  Isolc  Eolie,  Rome,  1892. 
^Mercalli,  Giorn.  Min.,  Ill,  97,  1892. 
^Hartunc,  Die  Azoren,  Leipzig,  i860,  291,  319. 
sMiJGGE,  Neu.  Jahrb.,  1883,  II,  201. 
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NOTES  TO  TABLE  III. 

1.  Monte  San  Vito,  Bracciano,  H.  S.  Washington  anal. 

2.  Monte  San  Vito,  Bracciano,  A.   Rohrig  anal.,  Jour.  Geol.,  V,  49,  1897. 

3.  Monte  Cucco,  Cervcteri,   H.  S.  Washington  anal.,  Jour.  Geol.,  V,  49,  1897. 

4.  Castle   Hill,  Tolfa,  H.  S.  Washington  anal.,  JoUR.  Geol.,  V,  49,  1897. 

5.  Tolfa,  vom  Rath.,  Zeit.  d.  d.  geol.  Ges.,  XVIII,  596,  1866. 

6.  Monte  Amiata,  mean  of  7  analyses,  J.  F.  Williams,  Neu.  Jahrb.  B.  B.,  V. 
446,  1887. 

7.  Campiglia,  Tuscany,  vom  Rath,  loc,  cit.,  640. 

8.  Campiglia,  Dalmer,  Neu.  Jahrb.,  1887,  II,  213. 

9.  Sassoforte,  Rocca  Strada,  Matteucci,  Boll.  com.  geol.  ital.,  285,  1890. 
ID.  Torniella,  Rocca  Strada,  Matteucci,  Boll.  soc.  geol.  ital.,  X,  677,  1891. 

acter  of  the  plagioclase.  Some  of  the  analyses  by  Bunsen 
which  Hartung  gives  are  very  similar  to  those  of  Tables  I  and 
II  and  indicate  that  it  is  basic.  It  is  probable  that  similar  rocks 
occur  on  Madeira,'  and  Renard"  describes  andesitic  trachytes 
from  Teneriffe  and  Ascension  which  may  also  belong  here. 

A  group  of  rocks  apparently  resembling  the  Italian  trachy- 
dolerites  from  near  Buda-Pesth  is  described  by  A.  Koch 3  as 
"labradorite-trachytes."  They  are  composed  of  augite,  horn- 
blende, and  biotite,  and  occasionally  garnet,  with  labradorite 
(analyzed)  as  phenocrysts,  and  orthoclase  only  in  the  ground- 
mass.  The  analyses  much  resemble  those  ot  the  Italian  trachy- 
dolerites,  silica  ranging  from  52  to  67  per  cent,  and  lime  from 
7  to  2,  though  magnesia  is  very  low.  Alkalies  are  much  lower  on 
the  whole,  but  still  higher  than  in  normal  andesites,  and  with 
potash  predominating  over  soda. 

The  most  interesting  group,  however,  to  compare  with  the 
Italian  rocks  is  that  of  the  absarokite-banakite  series  from  the 
Yellowstone  Park  recently  described  by  Iddings,^  the  rocks  of 
which  closely  resemble  those  of  the  ciminite-toscanite  series. 
The  American  rocks  are  similarly  characterized  by  the  presence 
of  orthoclase  and  labradorite,  with  augite  as  the  most  prominent 
ferromagnesian  mineral.     The  frequent  occurrence  of  borders  of 

'  Hartung,  Madeira  und  Porto  Santo,  Leipzig,  1864. 
•Renard,  Petrology  of  Oceanic  Islands,  London,  1890,  7,  23. 
3  Koch,  Zeit.  d.  d.  geol.  Gesell.,  XXVIII,  293,  1876. 
♦Iddings,  Jour.  Geol.,  Ill,  935,  1895. 
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orthoclase  around  labradorite  cores  is  also  noteworthy;  a  feature 
which  we  have  met  with  so  often  in  the  Italian  rocks.  The 
most  basic  of  them  —  the  absarokites  with  silica  from  47  to  52 
and  very  high  magnesia  and  lime  —  carry  olivine,  as  do  the 
more  acid  shoshonites  with  silica  from  50  to  56 ;  these  latter 
correspond  to  the  Italian  ciminites.  The  last  of  the  series  —  the 
banakites  with  silica  from  51.5  to  61 — carry  no  olivine,  and 
more  biotite  than  augite,  and  are  rather  poor  in  ferromagnesian 
minerals ;  these  would  correspond  to  some  of  the  vulsinites.  It 
is  especially  worthy  of  note  that  in  these  last  rocks  **  augite  and 
olivine  are  more  or  less  completely  replaced  by  biotite"  —  the 
same  mutual  exclusion  being  observed  here  that  we  find  in 
Italy.  Chemically  the  absarokites  are  much  more  basic,  while 
the  analyses  of  the  shoshonites  and  banakites  closely  approxi- 
mate to  those  of  the  ciminites  and  vulsinites,  except  in  the 
alkalies. 

The  similarity  is  indeed  so  great  that  the  ciminites  might 
with  propriety  be  called  shoshonites,  and  the  vulsinites  banakites. 
But  there  are  certain  considerations  which  seem  to  render  such 
a  course  inadvisable.  The  difference  in  the  alkalies  has  been 
already  mentioned.  While  in  the  Italian  rocks  they  are  high 
and  with  potash  very  largely  preponderating  over  soda,  in  the 
American  rocks  they  are  rather  lower,  and  soda,  while  always 
lower  in  percentage,  is  much  closer  to  the  potash  and  molecu- 
larly  often  surpasses  it.  In  Italy  again  we  find  the  acid  tos- 
canites  which  are  not  represented  at  the  Yellowstone  Park, 
while  at  the  latter  we  have  the  absarokites  and  nothing  corre- 
sponding to  them  in  acidity  among  the  trachydolerites  of 
Italy.  The  center  of  acidity,  so  to  speak,  at  the  Yellowstone 
Park  seems  to  lie  quite  low,  while  in  Italy  it  is  much  higher. 
Furthermore  the  great  abundance  of  leucite  at  the  Italian  vol- 
canoes is  unparalleled  in  the  American  district,  where  the  absaro- 
kite-banakites  are  genetically  related  to  normal  andesites  and 
basalts,  though  leucite  occurs  to  a  small  extent.'     From  these 

'RosENBUSCH,  in  the  last  edition  of  his  Mikroscopische  Physiographie  (II,  1216, 
1896),  describes  these  rocks  in  connection  with  the  leucite-tephrites. 
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facts  we  are  led  to  believe  that  the  parent  magma  of  the  Italian 
rocks  was  not  only  more  acid  than  at  the  Yellowstone,  but 
was  preeminently  a  potash  magma,  which  is  certainly  not  true 
of  the  other.  It  may  be  added  that  the  occurrence  of  two  such 
well-marked  and  generally  similar  series  of  orthoclase-plagio- 
clase  rocks  at  widely  distant  localities  forms  a  strong  argument 
for  the  recognition  of  such  types  in  accordance  with  Brogger's 
views. 

Correlation  of  the  trachydolerites,  —  Before  passing  on  to  the 
leucitic  rocks  it  will  be  as  well  to  examine  the  relationships  of 
the  trachydolerites  and  see  what  their  position  is  in  regard  to 
other  rocks  of  our  classification.  Brogger  has  so  ably  presented 
the  arguments  for  the  recognition  of  intermediate  types  that 
nothing  need  be  added  on  that  score,  since  all  the  arguments 
advanced  by  him  for  the  recognition  of  the  monzonites  as  an 
independent  group  of  the  same  rank  as  the  syenites  and  diorites 
apply  with  equal  force  to  the  trachydolerites  and  trachy- 
andesites.  The  chief  objection  which  may  be  brought  against 
such  ideas  is  that  their  acceptance  would  tend  to  **  over- 
burden petrological  literature  with  new  names."  This  is 
undoubtedly  true  to  some  extent,  and  many,  perhaps  most,  of 
these  names  might  be  but  temporary  in  their  use,  but  they  would 
yet  fulfill  their  legitimate  object  of  enabling  us  to  comprise  a 
given  set  of  characters  in  one  word,  make  our  ideas  of  the  vari- 
ous rock  types  more  clear  and  precise,  and  thus  lead  us  toward 
the  solution  of  that  vexed  question — a  rational  and  generally 
accepted  classification  of  rocks,  such  as  is  found  in  the  organic 
sciences.'  The  law  of  the  survival  of  the  fittest  would  hold  good 
here  as  in  animate  nature.  The  needless  names  and  types  will  be 
gradually  discarded,  and  on  what  is  left  we  may  build  a  nomen- 
clature of  which  the  terms  will  be  concordant  both  with  each 
other  and  with  the  facts  of  nature,  whenever  the  broad  principle 
underlying  the  relationships  of  rocks  shall  have  been  discovered, 

'  In  these,  by  the  way,  names  are  far  more  numerous  than  in  petrology,  and  it  may 
be  added  that  it  would  seem  that  the  advantage  of  having  well-defined  types  would 
outweigh  the  disadvantage  of  putting  a  little  greater  tax  on  our  memories. 
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as  the  doctrine  of  evolution  now  underlies  the  classifications  of 
zoology  and  botany. 

It  is  through  considerations  of  this  sort  that  I  have  felt  justi- 
fied in  proposing  the  new  names  in  the  preceding  pages,  and  that 
I  sketched  the  following  brief  outline  of  a  grouping  of  the  feld- 
spathic  effusive  rocks.  In  Table  IV  Brogger's  idea  is  carried  out, 
and  furthermore  the  two  main  divisions  of  the  lime-soda  feldspars 
— the  basic  and  the  acid — are  recognized.  The  reasons  for  the 
rehabilitation  of  an  earlier  system  of  classification  *  need  not  be 
gone  into  here,  since  the  scheme  represented  is  not  proposed  for 
general  adoption,  but  only  for  the  purpose  of  showing  the  rela- 
tionship to  well-established  types  of  such  rocks  as  those  of  the 
absarokite-banakite  series  and  the  ciminite-toscanite  series. 

In  Table  IV,  then,  the  rocks  included  are  classified  by  their 
dominant  feldspars  and  by  their  silica  content.  In  the  first  col- 
umn we  find  the  trachytic  series,  which  includes  only  the  purely 
or  predominantly  alkali  feldspar  rocks.  These  include  the 
rhyolites  (both  of  the  potash  and  soda  series)  and  the  quartz- 
pantellerites ;  the  trachytes  proper,  such  as  those  of  Ischia, 
Berkum,  and  Algersdorf,  and  the  pantellerites ;  while  the  most 
basic  members  of  this  series  are  unknown  at  present,  or  perhaps 
incapable  of  existence,  their  place  being  taken  by  certain  leuci- 
tites."  The  trachyandesitic  series  would  embrace  those  containing 
alkali  feldspar  and  acid  plagioclase  (oligoclase-andesine)  in 
approximately  equal  amounts.  Their  most  acid  representatives 
would  include  such  rocks  as  the  Icelandic  rhyolites  described 
by  Backstrom^  and  the  vulcanite  of  Hobbs;*  those  of  medium 
acidity  include  what  are  called  oligoclase-trachytes,  and  are 
typically  represented  by  the  domite^  of  the  Auvergne  and  many 
trachytes  of  the  Siebengebirge ;  while  their  more  basic  members 

'Cf.  J.  Roth,  Gesteinsanalysen,  Berlin,  1861. 

*  They  would  represent  chemically  and  mineralogically  in  an  effusive  form  the 
basic  augite-orthoclase  shonkinite  of  Weed  and  Pirsson.  (Bull.  Gcoi.  See,  VI,  415, 
1895.) 

3BACKSTROM,  Geol.  Foren.  Stockh.  Forh.,  XIII,  637,  189 1. 

*  HoBBS,  Bull.  Geol.  Soc,  V,  598,  and  Zeit.  d.  d.  geol.  Ges.,  XLV,  578,  1893. 
^This  might  be  used  as  the  name  for  the  group  of  medium  acidity. 
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are  found  in  many  of  the  trachyandesites  of  the  Auvergne 
described  by  von  Lasaulx'  and  Fouque.^  Many  of  the  rocks  of 
the  Euganean  Hills  also  belong  here.  The  series  of  trachydoler- 
ites  has  been  already  described.  The  andesitic  series  would  include 
the  dacites  and  andesites,  with  their  definitions  narrowed  to 
their  original  limits,^  so  as  to  include  only  the  rocks  whose  feld- 
spars are  acid  plagioclase — oligoclase  to  andesine.  In  the  basaltic 
seriesy  carrying  only  labradorite  and  anorthite,  we  find  the  most 
acid  members  well  represented  by  the  **pyroxene-andesites**  of 
Santorini,  the  greater  part  of  whose  feldspars  have  been  shown 
by  the  researches  of  Fouqu^^  to  be  basic  plagioclase.  These 
have  a  high  percentage  of  silica  (65  to  69),  and  for  convenience 
such  rocks  might  be  called  santorinites.  In  the  moderately  acid 
part  of  the  series  would  be  found  rocks  corresponding  to  many 
of  the  labradorites  of  French  petrographers,  as  well  as  many  rocks 
classed  as  basalts,  but  which  are  more  acid  than  the  normal, 
such  as  those  of  the  Lowenburg,  Meissner,  and  the  Vogelsberg. 
These  may  or  may  not  carry  olivine,  as  is  also  the  case  with  the 
intermediate  and  basic  trachydolerites  and  andesites.  Toward 
the  basic  end  we  would  have  the  basalts  proper,  chiefly  anor- 
thite-bearing  and  with  or  without  olivine ;  while  below  these 
would  come  such  rocks  as  the  limburgites  and  augitites. 

It  will  be  seen  from  the  above  that  the  trachytes  are  rich  in 
alkalies  and  poor  in  lime ;  the  trachyandesites  rather  rich  in 
potash  and  also  in  soda  and  lime  ;  the  trachydolerites  rich  in 
potash  and  lime,  but  poor  in  soda ;  the  andesites  rich  in  soda 
and  lime,  but  poor  in  potash  and  the  basalts  very  rich  in  lime 
and  poor  in  alkalies,  especially  potash. 

A  somewhat  similar  table  is  given  by  Fouque  and  Michel 
Levy  on  page  155  of  their  Min^ralogie  Micrographique  (Paris, 
1879).     The  effusive  rocks   are  divided  according  as  they  con- 

« VoN  Lasaulx,  Ncu.  Jahrb.,  1870,  187 1, 1872. 

*  Fouque,  ^tude  des  Feldspaths,  Paris,  1894,  254-270. 

sRoTH,  Gesteinsanalysen,  Berlin,  1861,  p.  XLV.  Von  Hauer  und  Stache, 
Geoiogie  Siebenbiirgens,  1863,  70,  79. 

^FoUQU^,  Santorini  et  ses  Eruptions,  Paris,  1879;  also  £tude  des  Feldspaths, 
317-320.     The  smaller  groundmass  microlites  are  more  acid. 
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tain  alkali  feldspar,  oligoclase,  labradorite  or  anorthite,  and  these 
groups  are  subdivided  according  to  their  ferromagnesian  min- 
erals, biotite,  hornblende,  or  pyroxene.  Neither  trachyandesites 
nor  trachydolerites  are  mentioned. 

It  must  also  be  noted  that  a  somewhat  similar  scheme  was 
proposed  by  H.  O.  Lang*  in  1891  and  carried  out  by  him  in 
great  detail.  He  bases  his  purely  chemical  classification  entirely 
on  the  relative  proportions  of  the  percentages  of  lime,  soda,  and 
potash,  neglecting  the  other  components  and  the  mineralogical 
composition,  so  that  the  present  grouping  and  his  differ  dis- 
tinctly from  each  other. 

LEUCITIC    ROCKS. 

Comparatively  little  can  be  said  of  these  rocks  here,  since 
detailed  descriptions  of  manv  of  them  have  been  already  given, 
and  since  a  proper  treatment  calls  for  more  space  than  is  avail- 
able. As  regards  classification,  while  they  are  on  the  whole 
sharply  separated  from  the  trachydolerites,  yet  inter  se  they 
grade  into  each  other  to  such  an  extent  that  the  discrimination 
of  definite  types  is  more  than  usually  difficult  and  subjective  in 
character. 

It  will  also  have  been  evident  from  the  descriptions  given 
that  many  of  the  varieties  described  differ  from  the  types  gen- 
erally accepted.  Thus  those  rocks  which  have  been  called  leu- 
cite-phonolite  for  want  of  a  better  name  contain  only  a  small 
amount  of  nepheline  and  are  cjuite  distinct  from  the  typical 
German  leucite-phonolites.  The  unfortunate  difference  of 
opinion  as  to  the  use  of  the  terms  leucite-trachyte  and  leucite- 
phonolite  has  been  noticed,  and  in  other  ways  the  need  is  made 
evident  of  some  general  revision  of  all  this  group  of  important 
rocks.  At  present,  however,  the  material  is  not  at  hand  for  such 
an  attempt,  which  it  is  hoped  will  be  undertaken  later ;  and  the 
names  used  are  to  be  regarded  as  provisional  only,  and  the 
whole  group  of  leucitic  rocks  as  the  subject  of  future  investiga- 
tion.    In  Table  V,  only  a  few  of  the  many  analyses  are  given, 

«H.O.  Lang,  Min.  Petr.Milth.,  XII,  199,  1891. 
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NOTES  TO  TABLE  V. 

1.  Leucitite,  Capo  di  Bove,  Bunsen  anal. 

2.  Leucitite,  Crocicchie.  Bracciano,  Washington  anal. 

3.  Leucitite,  Sassi  Lanciati,  Bolsena,  mean  of  2,  Ricciardi. 

4.  Leucite-basanite,  Toscanella,  Bolsena,  Ricciardi. 

5.  Leucite  lavas,  Vesuvius,  mean  of  49  anals.,  Rotb,  Geologic,  II,  268. 

6.  Leucite-tephrite,  Rocca  Monfina,  Rohrig. 

7.  Leucite-tephrite,  Bracciano,  Washington. 

8.  Leucite-tephrite,  Monte  Cavallo,  Bolsena,  Washington.' 

9.  Leucite-tephrite,  Monte  Bisenzio,  Bolsena,  Ricciardi. 

10.  Leucite-tephrite,  Montalto.  Bolsena,  Ricciardi. 

11.  Leucite-phonolite,  Lake  Bracciano,  Washington. 

12.  Leucite-phonolite,  Bagnorea,  Bolsena,  Washington.' 

13.  Leucite-phonolite  (?)  Bolsena,  Vom  Rath. 

14.  Leucite-trach^-te.  San  Rocco,  Mte.  Vico,  Washington.' 

15.  Leucite-trachN-te,  Monte  Venere,  Viterbo,  Washington. 

16.  Leucite-trachN-te,  Madonna  di  Lauro,  Viterbo,  Rohrig. 

17.  Leucite-trach^le  (?),  Monte.  S.  Antonio,  R.  Munfina  vom  Rath. 

18.  Leucite-trach^-te,  Viterbo,  vom  Rath. 

the  most  representative  being  selected.  Many  more  must  be 
made  before  these  rocks  can  be  adequately  treated  from  a  chem- 
ical standpoint. 

By  far  the  best  defined  type  is  that  of  the  so-called  leucitites, 
which  are  quite  constant  in  structure  and  mineralogical  com- 
position, as  already  described.  The  chemical  composition  of 
typical  leucitites  is  given  in  Table  V,  Nos.  i,  2,  and  3.  They 
are  very  basic  rocks,  with  high  iron  and  lime,  quite  high 
magnesia,  and  high  alkalies.  Leucite-basalts  seem  to  be  quite 
unknown  in  the  Italian  localities  —  perhaps  owing  to  the  rich- 
ness of  the  magma  in  lime,  which  makes  a  basic  plagioclase- 
free  rock  almost  an  impossibility  if  any  of  the  MgO  is  withdrawn 
from  a  possible  diopside  molecule  to  form  olivine.  Outside  of 
the  Vesuvian  region,  where  they  occur  in  abundance,  leucite- 
basajiites  are  only  met  with  in  small  amounts.  Their  analyses 
(Nos.  4  and  5)  resemble  those  of  the  leucitites  except  that  they 
are  higher  in  magnesia  and  iron  as  well  as  in  lime,  and  those  of 
Bolsena  low  in  alumina.  The  leucite -tephrites  form  a  group  which 
is  one  of  the  most  difficult  to  classify  satisfactorily  owing  to  the 

'  Made  since  publication  of  their  respective  papers. 


372  HENRY  S,   WASHINGTON 

large  number  of  transition  forms  toward  the  leucitites  on  the 
one  hand  and  the  leucite-trachytes  on  the  other.  In  general 
they  are  characterized  by  a  rather  doleritic  micro-structure  and 
the  plagioclase  is  basic ;  chemically  they  are  very  basic  in  char- 
acter, their  silica  content  scarcely  running  above  50  per  cent. 
Leucite-tephrites  of  this  type  abound  at  Bolsena,  Rocca  Mon- 
fina,  and  Vesuvius,  and  typical  analyses  are  represented  by  Nos. 
6,  7,  and  8.  Other  leucite-tephrites  occur  whose  silica  content 
is  higher.  Examples  are  the  rocks  of  Montalto  (No.  10),  in 
which  Klein  reports  the  feldspar  as  anorthite,  and  that  of  Monte 
Bisenzio  (No.  9).  Such  acid  leucite-tephrites,  however,  have 
not  come  under  my  own  observation,  and  the  high  silica  is  to  be 
explained  by  the  presence  of  considerable  orthoclase.  Indeed 
my  observations  and  such  analyses  as  I  have  been  able  to  make 
lead  me  to  think  that  a  typical  Italian  leucite-tephrite  (which  is 
poor  in  orthoclase)  has  a  silica  percentage  of  50  or  less,  and 
that  the  plagioclase  is  generally,  if  not  normally,  a  basic  one. 

When  we  reach  the  leucite-trachytes  and  leiicite-phonolites  we 
find  a  decidedly  more  acid  group  of  rocks  with  silica  ranging 
from  55  to  59.  These  shade  off  into  the  leucite-tephrites  to 
some  extent,  but  on  the  whole  are  distinctly  separated  from 
them.  Of  leucite-trachyte  we  have  few  analyses,  Nos.  14-18 
being  the  only  reliable  ones  known  to  me.  They  show  high 
alumina,  low  magnesia  and  lime,  and  high  alkalies — especially 
potash,  though  this  last  feature  is  perhaps  not  as  marked  as 
we  might  expect.  The  analyses  of  leucite-phonolite  (Nos. 
II,  12,  13)  resemble  these  very  closely,  though  soda  is 
somewhat  higher,  and  are  quite  different  from  those  of  leucite- 
phonolites  from  Germany,'  which  are  much  more  basic  and  with 
soda  much  higher  than  potash.  Indeed,  so  great  is  the  resem- 
blance to  analyses  of  leucite-trachyte  that  these  Italian  leucite- 
phonolites  ought  properly  to  be  called  nepheline-bearing  leucite- 
trachytes.  They  all  carry  orthoclase  in  large  amount,  especially 
in  the  groundmass,  and  nepheline  occurs  as  the  last  product  of 
crystallization.     Only   one    case    of  a  purely   leucite-nepheline 

'  ZiRKRL,  Lehrbuch,  II,  465,  1894. 
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rock  was  observed,  that  at  the  Asteria  di  Biagio,  near  Orvieto.' 
It  may  be  noted  here  that  in  all  these  leucitic  rocks  the  domi- 
nant feldspars  are  orthoclase  and  a  basic  plagioclase,  that  augite 
and  diopside  are  the  prevailing  ferromagnesian  minerals,  that 
both  biotite  and  hornblende  are  rare,  and  that  they  are  rich  in 
potash  and  also  in  lime.  They  thus  resemble  in  their  broad 
features  the  non-leucitic  rocks — apart  from  the  presence  of 
leucite. 

Turning  to  Table  V  it  will  be  observed  that  there  is  a  break 
in  the  silica  percentages  between  50  and  55.  Below  the  former 
are  the  leucitites,  leucite-basanites,  and  most  of  the  leucite- 
tephrites  ;  between  the  two  very  few  analyses  are  seen,  while 
between  55  and  56  there  is  a  large  number  of  analyses,  and 
above  this  last  a  much  smaller  number,  with  silica  running  up  to 
nearly  60,  which  is  the  extreme  figure  for  leucitic  rocks.  This 
feature  is  best  seen  when  all  the  analyses  available  are  tabulated. 
Space  considerations  prevent  this  being  done  here,  but  the  break 
between  50  and  55  is  very  evident.  The  number  of  analyses 
represented  is  so  large,  and  covers  so  many  varieties  of  rock, 
that  this  clustering  of  the  silica  about  49  and  56  may  be  reason- 
ably assumed  to  exist  in  fact  and  not  to  be  due  to  chance  in  the 
selection  of  analyzed  material,  as  might  well  be  the  case  with  few 
analyses.  We  may  note  also  in  the  analyses  of  Table  V  that, 
while  alumina  is  somewhat  variable,  it  is  in  general  higher  in  the 
basic  group  than  in  the  more  acid,  as  is  also  true  of  iron  oxides 
Lime  and  magnesia  show  the  greatest  differences,  there  being 
more  than  double  the  amount  of  them  in  the  basic  than  in  the 
acid  group.  There  is  less  difference  to  be  observed  in  the  alka- 
lies, they  being  very  high  in  both  groups,  but  perhaps  more  so 
in  the  acid  one. 

Comparison  of  the  trachydolerites  and  leucitic  rocks, — The  general 
similarity  of  the  two  groups  has  already  been  noticed,  and  it  is 
further  of  great  interest  to  observe,  on  referring  to  Tables  I,  II, 
and  III,  that  a  clustering  of  the  analyses  about  definite  points 
is  to  be  found  in  the  analvses  of  the  trachydolerites  as  well  as 

'Jour.  Geol.,  IV,  558,  1896. 
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in  those  of  the  leucitic  rocks.  The  ciminites  and  vulsinites 
reach  no  higher  than  60  per  cent,  of  silica,  and  lie  in  general 
between  55  and  58  per  cent.,  while  the  toscanites  are  no  lower 
than  64  per  cent.,  and  are  in  general  much  higher.  Correspond- 
ing differences  may  also  be  noted  in  the  other  constituents, 
especially  Fe^Oj,  FeO,  MgO  and  CaO.  It  is  also  seen  that 
transitional  chemical  forms  are  of  limited  occurrence,  though 
the  analyses  are  not  as  numerous  as  in  the  leucitic  group.  The 
analyses,  then,  of  both  groups  are  clustered  about  certain  points 
and  do  not  form  a  gradual  series  from  the  most  basic  to  the 
most  acid,  as  Brogger  understands  a  series  to  be  constituted.  A 
similar  clustering  of  the  analyses  may  be  seen  at  such  volcanic 
localities  as  the  Yellowstone  Park,  Montana,  Cape  Verde  Islands, 
and  iEgina  and  Methana ;  and  the  study  of  complete  series  of 
analyses  would  probably  reveal  the  same  state  of  affairs  else- 
where. Indeed  the  fact  may  be  said  to  be  generally  known, 
though  perhaps  not  definitely  formulated.  An  explanation 
which  may  be  suggested  is  that  this  clustering  of  analyses  is 
due  to  a  quite  complete  course  of  differentiation,  assuming  the 
correctness  of  the  differentiation  hypothesis. 

Each  main  group  of  rocks,  therefore,  may  be  subdivided 
chemically,  and  mineralogically  to  a  certain  extent,  into  two 
subgroups  (classing  the  ciminites  and  vulsinites  together),  a 
basic  and  an  acid.  Further,  while  the  leucitic  subgroup  is 
more  basic  in  each  case  than  the  corresponding  trachydoleritic 
one,  yet  the  variations  in  each  are  similar.  These  are  best  seen 
on  tabulating  the  means  of  the  best  of  the  various  preceding 
analyses.  It  is  scarcely  worth  while  to  do  so  in  this  place,  but  the 
main  features  may  be  briefly  pointed  out.  There  is  a  difference 
in  each  case  of  8  to  10  per  cent,  of  silica;  and  iron,  magnesia, 
lime,  and  to  a  less  extent  alumina,  are  higher  in  the  basic  group, 
while  alkalies  show  less  regularity.  The  molecular  ratio  of  soda 
to  potash  varies  in  my  separate  analyses  from  .3  to  1.2,  being 
fairly  constant  (.5  to  .6)  in  the  leucitic  groups,  and  with  higher 
soda  at  the  extremes  of  the  trachydolerites.  It  is  probable  that 
with  more  numerous  analyses  the  resemblances  would  be  even 
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greater  since  there  are  indications  of  a  division  of  the  basic 
leucitic  subgroup  into  two  divisions  corresponding  to  the 
ciminites  and  vulsinites.  These  would  include  on  the  one  hand 
the  leucitites  and  leucite-basanites,  and  on  the  other  the  leucite- 
tephrites.  There  exist  then  along  the  Bolsena- Vesuvius  line  at 
least  two  well-defined  series  with  correlated  members  in  each, 
the  Ciminite-Vulsinite-Toscanite  Series  and  the  Leucitite-Leucite- 
tephrite-Leucite-trachyte  Series.  These  two  resemble  each 
other  very  closely,  except  for  the  presence  of  leucite  in  the 
latter  and  the  uniformly  greater  basicity  of  the  correlated  mem- 
bers of  this  series  as  compared  with  those  of  the  former.  There 
also  occurs  a  typically  trachytic  group  in  the  Vcsuvian  region, 
while  the  phonolites  of  Viterbo  mineralogically  stand  apart,  but 
chemically  are  related  to  the  leucite-trachytes.  These  series 
are,  however,  not  gradual  in  Brogger's  sense  of  the  term,*  but 
form  related  but  separated  groups  of  rocks. 

Differentiation  of  the  magma. — The  question  of  the  process  or 
processes  of  differentiation  and  the  composition  of  the  parent 
magma  is  of  great  interest,  but  needs  far  more  detailed  and 
extensive  knowledge  of  the  regions  involved  and  of  the  rocks 
than  is  yet  available.  The  question  is  somewhat  complicated  by 
the  presence  of  leucite  in  such  large  anr.ounts,  and  by  the  fact 
already  noted,  that  it  is  possibly  derived  from  a  potential  biotite 
molecule,  or  at  least  that  some  connection  seems  to  exist 
between  the  two  minerals.  It  is  pretty  generally  believed  that 
leucite  is  essentially  an  effusive  mineral,  though  some  cases  of 
intrusive  leucitic  rocks  are  known.  Therefore,  although  the  first 
impulse  is  to  consider  the  leucitic  rocks  as  distinct  differentia- 
tion products  from  the  trachydolerites,  yet  caution  must  be  used, 
since  it  seems  possible  that  their  differences  are  due  rather  to 
differing  conditions  of  extrusion  than  to  differing  secondary 
magmas.  This,  of  course,  would  not  be  true  in  all  cases,  since 
leucite  would  be  formed  in  a  potash-rich  magma  poor  in  silica, 
while  orthoclase  would  take  its  place  in  one  more  acid.  This  is 
seen  clearly  in  the  rocks  with  silica  below  55  which  are  almost 

'Brogger,  Gronidite— Tinguait  Scrie,  Kristiania,  1895,  169. 
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uniformly  leucitic,  while  those  with  silica  above  60  are  as  uniformly 
leucite  free  and  orthoclase  bearing.  It  is  in  the  intermediate 
group  with  silica  from  55  to  60  that  we  must  look  for  evidences 
of  the  connection  of  leucite  with  extrusive  conditions.  These 
magmas  are  apparently  in  a  nicely  balanced  chemical  condition, 
which  needs  only  a  comparatively  slight  change  of  conditions  to 
throw  them  into  the  one  mineralogical  group  or  the  other.  It 
is  known  that  the  leucitic  rocks  are  almost  invariably  met  with 
as  flows,  while  the  trachydolerites  more  frequently  take  the  form 
of  domal  extrusions ;  that  the  leucitic  rocks  are  the  products  of 
later  eruptions,  on  the  whole,  than  the  trachydolerites  except  at 
Rocca  Monfina ;  and  that  they  have  been  ejected  at  central  vents 
while  the  trachydolerites  are  more  generally  peripheral.  This 
is  suggestive  of  the  idea  that  leucite  has  been  formed  in  place 
of  orthoclase  during  the  simmering  of  the  magma  in  the  throat 
of  the  volcano  under  low  pressure,'  while  the  peripheral  ortho- 
clase magmas  were  partially  crystallized  under  greater  pressure. 

In  view  of  the  above  facts  and  those  given  in  the  pre- 
ceding section  I  am  inclined  to  think  that  the  two  main  groups 
of  rocks  which  are  found  along  the  Bolsena- Vesuvius  line  do 
not  represent  two  distinct  primary  differentiation  products,  but 
that  their  differences  are  due  to  diverse  conditions  of  extrusion, 
solidification,  and  the  like,  these  conditions  being,  of  course, 
secondary  to  the  chemical  character  of  the  differentiation  prod- 
ucts, as  has  just  been  explained. 

In  regard  to  the  character  of  the  parent  magma  we  may  feel 
confident  that  it  was  very  rich  in  potash  and  lime,"  basing  our 
judgment  on  the  preceding  descriptions  and  analyses.  More 
than  this  we  cannot  postulate  with  any  degree  of  certainty, 
but  its  general  composition  is  perhaps  shown  by  the  mean  of 

"Cf.  Backstrom,  op.  cit.,  p.  163;  also  Lacroix,  op.  cit,  637  ff. 

*The  hypothesis  advanced  by  Lavis  (Natural  Science,  IV,  138,  1894)  ^^at  the 
large  amount  of  lime  is  due  to  absorption  (osmosis)  from  the  subjacent  limestone 
traversed  by  the  magma  must  be  mentioned,  though  the  writer  can  only  admit  its 
influence  in  a  most  limited  way,  if  at  all.  The  researches  of  Brogger  and  Pirsson 
have  shown  conclusively  that  it  does  not  hold  good  elsewhere,  and  various  considera- 
tions, which  need  not  be  gone  into  here,  lead  me  to  minimize  its  effect  in  Italy  also. 
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the  exueme  differentiation  products — the  toscanites  and  basic 
leucitic  rocks — or  bv  the  mean  of  the  ciminites,  vulsinites,  and 
acid  le-jcitic  rocks,  which  closely  resemble  each  other.  On 
such  a  basis  we  could  suppose  it  to  have  approximately  a  com- 
position as  follows:  SiO,  =  57-58.  A1,0, =  17-18,  total  iron 
oxides  as  FeO=6-7,  MirO  =  2-^.  CaO=;-6.N,  Xa,0=2-2.s, 
K50=7-8.  HjO=i-i.5  per  cent. 

WTiether  the  original  magma  differentiated  horizontally  from 
north  to  south  we  are  not  yet  in  a  position  to  discuss,  but  at 
each  center  we  may  suppose  the  body  of  magma  to  have  been 
quite  completely  differentiated.  We  would  thus  have  the  tos- 
canites and  the  basic  leucitic  rocks  \  leucitites  and  leucite- 
basanites  I  representing  the  extreme  products — the  oxyphyric' 
and  lamprophyric  types,  respectively.  Apart  from  questions 
of  conditions  of  solidification,  the  absence  of  leucite  in  the 
vulsinites  may  be  explained  by  their  higher  silica.*  while  in  the 
ciminites  and  biotite-vulsinites  the  high  magnesia  conditioned 
the  formation  of  olivine,  leaving  the  remaining  part  of  the 
magma  sufficiently  acid  for  the  formation  of  orthoclase  rather 
than  leucite.  That  these  suppositions  are  possible  may  be  seen 
on  comparing  analyses  i,  4.  and  9  of  Table  I  and  i  of  Table  II, 
with  II,  12.  14,  and  15  of  Table  V,  which  are  practically  iden- 
tical except  for  the  silica  in  the  first  two,  and  the  magnesia  in 
the  second  two  of  the  trachydolerites. 

All  this  is,  however,  admittedly  speculative  to  a  large 
extent,  and  these  views  are  advanced  in  a  provisional  wav  to  be 
tested,  and  perhaps  greatly  modified,  by  future  investigations. 
Finally,  it  has  perhaps  have  been  noticed  that  little  or  no  refer- 
ence is  made  to  the  succession  of  the  rocks.  The  omission  is 
intentional,  because  it  does  not  seem  to  the  writer,  even  grant- 
ing that  the  order  of  eruptions  is  of  the  importance  often 
attributed  to  it,  that  our  knowledge  of  the  subject  along  the 
Bolsena-Vesuvius  line  is  sufficient  to  be  of  much  value. 

Henry  S.  Washington. 

*  PiRSSON,  Am.  Jour.  Sci.,  L,  118,  1895. 

*The  anomalous  acid  leucite-tephrites  observed  by  vom  Rath  and  Ricciardi  are 
against  this  view,  and  some  of  them  need  confirmation. 
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The  first  annual  report  of  the  International  Committee  on 
Glaciers  has  been  published,^  and  gives  the  state  of  glaciers  in 
various  regions  of  the  world  so  far  as  reports  have  been  received, 
with  references  to  some  of  the  original  sources  of  information. 
This  committee  was  appointed  to  stimulate  and  record  observa- 
tions on  glaciers.     The  following  is  a  summary  of  the  report. 

No  glaciers,  except  those  of  the  Alps,  have  been  under 
observations  long  enough  to  yield  very  definite  results ;  but  these 
have  shown  a  decided  periodicity  of  about  thirty-five  years  in 
their  size ;  it  is  not  improbable  that  glaciers  in  other  regions  may 
have  a  similar  periodicity. 

A  period  is  the  time  during  which  a  glacier  goes  through  all 
its  changes  ;  it  begins  at  a  minimum,  continues  through  the  phase 
of  increase,  the  maximum,  and  the  pliase  of  decrease,  and  ends  at 
the  following  minimum. 

The  Alps, — The  glaciers  of  this  chain  were  for  the  most  part 
in  the  phase  of  decrease  from  1855  to  ^^751  since  then  a  number 
of  glaciers  have  entered  the  phase  of  increase,  namely :  all  those 
of  the  Mont  Blanc  group,  about  a  half  of  those  of  the  Valais, 
not  more  than  a  quarter  of  those  of  the  Bernese  Oberland,  a  few 
in  the  eastern  Alps,  and  none  east  of  the  Brenner  pass ;  so  that 
the  phase  of  increase  at  the  end  of  the  nineteenth  century  has 
been  limited  and  not  general  ;  and  observations  from  1893  to 
1895  show  that  many  of  the  glaciers  which  have  recently  been 
advancing  are  again  in  retreat. 

Of  the  glaciers  observed  in  the  Eastern  Alps  in  1895  there 
were  about  fourteen  increasing,  twenty  decreasing,  and  five 
stationary. 

'  Read  before  the  Geological  Society  of  America  at  the  Washington  meeting,  1896. 
'See  this  Journal,  Vol.  Ill,  pp.  278-288. 
'Archives  des  Sciences,  Vol.  II,  pp.  129-147,  Geneva,  1896. 
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In  the  Swiss  Alps  where  observations  have  been  more  general 
and  have  extended  over  a  longer  period,  we  find,  in  1895,  twelve 
glaciers  increasing,  forty-eight  decreasing,  seven  stationary,  and 
ten  doubtful ;  in  addition,  several  glaciers  were  measured  for  the 
first  time  in  1895,  so  that  we  may  expect  results  from  a  still 
larger  number  in  the  future. 

The  great  majority  of  the  glaciers  of  the  French  Alps  are 
decreasing  in  size. 

The  Pyrenfcs,— The  eleven  glaciers  of  this  chain  for  which 
we  have  results,  show  five  increasing,  five  decreasing  and  one 
stationary.  Considerably  over  200  French  glaciers  are  now 
under  observation. 

The  Caucasus. — A  number  of  glaciers  in  this  chain  have 
been  observed,  showing  a  fairly  general  retreat;  in  1894  some  of 
the  neve  fields  were  growing  larger. 

Cetitral  Asia, — The  glaciers  are  mostly  in  the  Pamir,  the 
Tian-schan,  and  the  Alai  mountains.  They  are  of  considerable 
size,  and  appear  to  be  pretty  generally  in  retreat. 

Nova  Zembla, — Glaciation  is  increasing. 

The  Scandinaviaji  Alps. — The  Norwegian  glaciers  do  not 
show  evidence  of  having  participated  in  the  great  retreat  of 
1 8 50- 1 880.  The  state  of  the  vegetation  in  the  immediate  neigh- 
borhood of  the  glaciers  shows  that  in  many  cases  they  have 
either  kept  or  reattained  the  dimensions  they  had  a  century  or 
so  ago.  There  have  been  some  advances  and  some  slight  recent 
retreats ;  there  are  no  indications  of  any  present  advance.* 

The  Swedish  glaciers  are  too  little  known  to  yield  any  definite 
results  as  yet. 

The  Himalaya. — Sir  W.  M.  Conway  reports  the  glaciers  of 
this  range  in  retreat,  so  far  as  observed,  with  the  exception  of 
the  Bagrot  glacier,  which  is  beginning  to  advance. 

The  New  Zealand  Alps. —  Considerable  attention  has  of  late 
been  given  the  fine  glaciers  of  this  region.  They  seem  to  be 
either  stationary  or  decreasing. 

*  See  especially  Beobachtungen  iib  Gletscherschwankungen  in  Norwegen,  by  E. 
RiCHTER.     Petermann's  Mitth.  Vol.  XLII,  p.  107. 
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Uyiited  States  of  America.^ — The  glaciers  of  the  United  States 
have  for  the  most  part  been  so  infrequently  visited  that  the 
information  regarding  them  is  very  meager.  Professor  Russell, 
in  1892,  collected  the  evidence  showing  that  in  general  they  are 
retreating.'  A  few  glaciers,  however,  give  evidence  of  being  in 
a  state  of  advance. 

The  Malaspina  glacier  occupies  a  large  plateau  on  the  south- 
ern side  of  the  St.  Elias  Mountain  range.  Though  in  general 
receding,  a  part  of  it  near  the  Yahtse  River  was  advancing  and 
destroying  trees  in  1886.3  Professor  Russell  states  that  the 
southeastern  portion  of  the  same  glacier  near  Point  Manby  has 
recently  advanced  a  distance  of  500  meters  and  again  retreated.* 

The  Frederika  glacier,  in  the  interior  of  Alaska  (long.  142° 
35'  N.,  lat.  61°  40'  W.)  was  the  only  glacier  in  its  neighborhood 
advancing  in  1891.^ 

Mr.  John  Muir  writes  me  that  a  glacier  at  the  southern  end 
of  the  Fairweather  range  was  advancing  and  destroying  trees 
when  he  visited  it  in  1880. 

Muir  glacier,  Alaska,  which  has  in  general  been  receding  for 
the  last  hundred  years  or  more,  made  a  temporary  advance 
between  1890  and  1892  of  nearly  300  meters,  but  in  1894  it  had 
again  retreated  to  its  limit  of  1890.  This  glacier  reaches  tide 
water  and  ends  in  a  vertical  cliff  of  ice,  2.75  kilometers  (9000 
feet)  long  and  50  to  65  meters  (150-215  feet)  high;  on  each 
side  of  this  cliff  the  glacier  rests  on  the  land  and  ends  like  an 
ordinary  alpine  glacier.     The  oscillation  mentioned  applies  only 

'This  paper  gives  a  more  detailed  description  of  the  variations  of  the  glaciers  of 
this  country  than  is  contained  in  the  Rep.  of  the  Intern.  Com.  An  excellent  account 
of  our  present  knowledge  of  these  glaciers  has  been  given  by  Professor  Israel  C.  Rus- 
sell in  his  recently  published  book, "The  Glaciers  of  North  America." 

'  Climatic  Changes  Indicated  by  the  Glaciers  of  North  America,  by  I.  C.  Russell. 
Am.  Geol.,  Vol.  IX,  322-336. 

3  Shores  and  Alps  of  Alaska,  by  JI.  W.  Stetson  Karr,  p.  77. 

*  Am.  Geol.,  Vol.  IX,  329.  The  best  map  of  this  region  is  in  Russell's  Second 
Expedition  to  Mt.  St.  Elias,  13th  Ann.  Rep.  U.  S.  Geol.  Sur.,  p.  6,  or  his  Malaspina 
Glacier,  this  Journal,  Vol.  I,  p.  221. 

5  An  Expedition  to  the  Yukon  District,  by  Willard  Hayes,  Nat.  Geog.  Mag., 
Washington,  1892,  Vol.  IV,  p.  153. 
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to  the  part  facing  the  water ;  the  sides  have  been  steadily  reced- 
ing.' 

Mount  Rainier  is  a  volcanic  cone,  4400  meters  high,  in  the 
state  of  Washington,  bearing  on  its  steep  slopes  about  a  dozen 
glaciers  from  five  to  ten  kilometers  long.  Information  has 
reached  me  concerning  the  Carbon  glacier  on  the  northern,  the 
Willis  on  the  northwestern,  and  the  Nisqually  on  the  southern 
face  of  the  mountain.  All  three  of  these  glaciers  are  steadily 
receding. 

Mr.  Otto  J.  Klotz  made  a  photographic  study  of  the  end  of 
Baird  glacier,  Alaska  (long.  132°  50'  N.,  lat.  57°  8'  W.)  in 
1894.'  This  will  be  the  beginning  of  a  careful  record  of  the 
variations  of  this  glacier. 

In  conclusion,  the  very  incomplete  data  indicate  that,  with 
few  exceptions,  the  glaciers  of  the  United  States  are  shrinking  at 
the  present  time. 

REPORT  ON  THE  GLACIERS  OF  THE  UNITED  STATES  FOR    1 896.3 

Cook's  Inlet, —  A  glacier  on  the  Kenai  Peninsular  has  receded 
about  250  feet  between  1880  and  1895.*  Mr.  Dall  writes  that  he 
thinks  all  the  glaciers  on  the  Pacific  coast  which  he  has  person- 
ally visited  are  retreating. 

Chilcat  Pass, — The  glaciers  on  the  southern  side  of  this  pass 
are  receding.      (/.  E,  Spur.) 

Glacier  Bay  region. —  Mr.  John  Muir  reports  that  he  found 
Rendu  and  Carroll  glaciers,  at  the  head  of  the  bay,  from  three  to 
seven  kilometers  (two  to  four  miles)  shorter  in  1896  than  they 
were  in  1879.     Muir  glacier  also  continues  to  recede. 

*  Studies  of  Muir  Glacier,  Alaska,  by  Harry  Fielding  Reid,  Nat.  Geog.  Mag. 
1892,  Vol.  IV,  pp.  33-42;  and  Glacier  Bay  and  its  Glaciers,  i6th  Ann.  Rep.  U.S.  Geol 
Sur.,  pp.  440-442. 

"This  Joi'RNAL,  1895,  Vol.  I II,  pp.  512-518.  I  recommend  this  article  to  observers 
as  an  example  of  how  much  of  permanent  value  can  be  done  in  a  short  time  by  the 
photographic  method. 

3  A  synopsis  of  this  report  will  appear  in  the  Second  Annual  Report  of  the  Inter- 
national Committee. 

nv.  H.  Dall,  Bull.  Am.  Sue,  1896,  XXXVII,  15, 
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Mt,  Rainier, —  Professor  I.  C.  Russell  writes  me: 

In  company  with  Bailey  Willis  and  George  Otis  Smith  of  the  United 
States  Geological  Survey,  I  visited  Mount  Rainier,  Washington,  and  spent 
two  weeks,  from  July  15  to  August  i,  in  examining  the  glaciers  on  its 
sides. 

The  Willis,  Carbon,  Winthrop,  Emmons,  Nisqually,  and  Cowlitz  glaciers 
were  visited.  Each  of  these  furnishes  clear  evidence  of  having  recently 
been  lowered  by  melting,  especially  in  the  lower  courses.  The  extremities 
of  the  three  first  named  were  examined  and  in  each  case  a  recent  and  marked 
recession  was  manifest. 

The  extremity  of  Carbon  glacier,  as  judged  by  Willis,  has  receded  about 
100  meters  since  his  former  visit  in  1881.  The  extremity  of  the  glacier  at  the 
date  mentioned  was  a  vertical  precipice  of  nearly  clear  ice,  but  now  has  a 
slope  of  55**  to  60 **  and  is  debris  covered. 

Willis  glacier  is  divided  at  its  terminus  by  a  rugged  boss  of  rock,  for 
which  I  suggest  the  name  Division  rock,  the  down-stream  face  of  which  is  a 
rugged  precipice  by  estimate  120  or  150  meters  high.  I  am  informed  by 
Willis,  who  saw* it  from  below,  that  in  1883  the  glacier  broke  off  not  far 
behind  the  summit  of  this  precipice  and  formed  walls  of  ice  descending  on 
each  side  of  it.  The  ice  did  not  cover  the  highest  peak  on  Division  rock  at 
the  date  mentioned,  and  there  are  about  ten  small  spruce  trees  growing  on 
the  apex.  These  trees  are  certainly  more  than  fifteen  years  old.  The 
upstream  side  of  the  rock,  below  the  trees,  is  strewn  with  stones  and  dirt  and 
has  evidently  been  recently  occupied  by  the  glacier.  At  the  time  of  my  visit 
the  ice  in  the  central  part  of  the  glacier  had  receded  175  meters  from  the 
edges  of  the  precipice.  Fresh  lateral  moraines  elevated  from  thirty  to 
forty  meters  above  the  level  of  the  glacier  in  1896,  and  extending  fully  three 
kilometers  (two  miles)  above  Division  rock,  agree  approximately  with  the 
1883  level  of  the  ice  as  reported  by  Willis. 

Willis  glacier  now  divides  on  reaching  Division  rock  into  two  sharp- 
pointed  tongues  of  debris-covered  ice  which  end  with  low  frontal  slopes 
The  extremities  of  these  tongues  are  about  abreast  of  the  summit  of  Divisioo 
rock.  Where  the  glacier  divides  a  pyramidal  monument  of  angular  stones 
about  one  and  one-third  meters  high  is  built.  This  monument  records  the 
limit  of  the  ice  at  the  place  where  it  divides,  on  July  31,  1896. 

l^p  stream  from  Division  rock  there  is  another  similar  eminence  which 
might  possibly  be  mistaken  for  it.  if  the  glacier  continues  to  recede.  The 
rocky  knob  referred  to  is  now  a  part  of  the  right  or  northern  wall  of  the 
glacier. 

Eight  hundred  and  forty  meters,  as  measured  by  pacing,  above  the  mooii- 
ment  described  above,  there  is  an  ice-fall  in  the  glacier  130  to  135  mcteis 
hii?h.     The  descent  of  the  surface  of  the  glacier  from  the  base  of  the  ice-£aU 


VARIATIONS  OF  GLACIERS  383 

to  the  monument  is  280  meters,  by  aneroid.     The  gradient  becomes  progress- 
ively steeper  as  one  descends  from  the  base  of  the  ice-fall. 

No  marks  were  made  to  record  the  extent  of  the  other  glaciers  visited. 

Mount  Hood,  Oregon, — There  are  eight  glaciers  on  this  vol- 
canic cone ;  all  of  them  are  steadily  diminishing  in  size.  The 
Eliot  glacier  on  the  north  side  of  the  mountain  is  about  four 
kilometers  (two  and  one-half  miles)  long  and  about  0.8  kilome- 
ter (one-half  mile)  wide ;  and  shows  a  marked  recession  in  the 
last  three  years.  Before  that  the  face  was  much  steeper.'  In 
the  central  part  of  the  glacier  near  the  end  the  velocity  of  move- 
ment has  averaged  about  fifteen  meters  (fifty  feet)  a  year  since 
1890.  Coe  glacier,  which  lies  next  to  the  Eliot  on  the  west,  is 
about  four  kilometers  (two  and  one-half  miles)  long  and  0.4 
kilometer  (one-quarter  mile)  wide.      {W,  A,  Langille.) 

Illecellewaet  Glacier,  Selkirk  Mountahis,  Canada, —  As  there  is 
at  present  no  one  on  the  committee  representing  the  British  col- 
onies, I  give  what  information   I  have  concerning  this  glacier.' 

Professor  Charles  E.  Fay  wrote  me  in  1895  ^^^  ^^e  glacier 
had  receded  since  1890,  and  markedly  since  1894.  Photographs 
taken  by  Messrs.  Parker  B.  Field  and  Philip  S.  Abbot  in  1895 
and  1896,  respectively,  show  that  the  recession  continued  last 
year. 

There  are  prospects  that  more  systematic   observations  of 

some  of  the  glaciers  of  the   Pacific  slope  may  be  begun  next 

summer. 

Harry  Fielding  Reid. 

Geological  Laboratory, 
Johns  Hopkins  University, 
April  8,  1897. 

'Probably  due  to  an  advance.—  II.  F.  R. 

'Captain  Marshall  Hall,  to  whose  interest  and  energy  the  international  commit- 
tee owes  its  existence,  represented  the  British  colonies  until  his  sudden  death  in  April 
1896. 
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Mexico  is  a  country  whose  geology  is  very  little  known  even 
by  its  nearest  neighbors.  It  nevertheless  offers  a  wide  range  of 
interesting  problems.  Its  geology  has  been  much  misunder- 
stood and  this  must  be  the  excuse  for  presenting  here  a  resume 
of  a  portion  of  the  very  interesting  report*  recently  published 
by  the  Geological  Institution  of  Mexico.  Aside  from  the  itiner- 
aries with  detailed  observations,  the  report  includes  a  synopsis 
of  the  geology  of  Mexico  by  the  Director  Sr.  Jose  G.  Aguilera. 
In  the  following  pages  is  a  very  much  abridged  translation,  or 
abstract  of  Professor  Aguilera's  paper.  The  original  is  accom- 
panied by  a  small  scale  map  on  which  the  geology  is  spread 
over  the  areas  left  blank  on  the  older  map  of  Castillo'  and  the 
whole  forms  a  notable  contribution  to  the  geology  of  the  region 
as  well  as  being  perhaps  the  best  general  summary  of  the  present 
state  of  our  knowledge  of  the  subject. 

Geographically  Mexico  may  be  considered  as  consisting  of  a 
central  tableland  sloping  to  the  north  and  northeast,  and  inclosed 
between  two  ranges  of  mountains  which  are  separated  from  the 
oceans  by  strips  of  lowland  narrowing  to  the  south.  The  two 
mountain  ranges  unite  in  the  central  portion  of  the  country,  ris- 
ing above  the  lower  land  in  the  form  of  a  colossal  Y,  the 
arms  of  which  continue  into  the  United  States  as  the  Rocky 
Mountains  and  Sierra  Nevada.  The  united  range  continues 
south  into  Central  America  with  the  low  tableland  of  Yucatan, 
to  the  east  rising  thirty  to  forty  meters  above  the  sea. 

The  central  tableland  or  Mesa  de  Anahuac  with  an  area  of 
about  666,000  kilometers  and  an  average  altitude  of  about  1 700 

'  Bosquejo  f?eol6gico  de  Mexico,  Bol.  del  Inst.  Geol.  de  Mexico,  Nums.  4,  5  y  6. 
270  pp.,  5  pi.,  map.  Mexico,  1897. 

'Bosquejo  de  una  Carta  Geologica  de  la  Republica  Mexico  formada  par  dis- 
posicion  del  Secrctario  de  Fomento,  1889. 
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meters,  continues  without  interruption  from  the  high  plains  of 
Texas  and  New  Mexico  to  the  valley  of  Toluca,  which  rises 
against  the  flanks  of  the  Nevada  de  Toluca,  reaching  an  altitude 
of  about  2630  meters.  This  great  meseta  forms  a  geographic 
unit  of  the  first  order.  Breaks  in  the  bounding  mountains 
afford  easy  communication  with  the  coastal  region  and  furnish 
outlets  for  the  drainage.  It  is  a  continuation  of  the  Great  Basin 
region  and  has  all  the  characteristics  of  that  area.  To  the  north 
it  widens  and  decreases  in  altitude ;  to  the  south  it  narrows  and 
rises.  At  its  vertex  are  situated  the  City  of  Mexico  and  the 
two  great  volcanoes  of  the  country. 

In  Archaean  time  the  southern,  and  a  part  of  the  western  coast 
of  Mexico,  rose  above  the  waters  and  formed  a  series  of  islands 
or  perhaps  a  single  strip  of  land  which,  as  with  the  northern  por- 
tion of  the  continent,  served  as  a  point  of  initial  deposition,  and 
around  which  has  been  laid  down  in  successive  geologic  times 
the  beds  which  now  make  up  North  America.  The  rocks  of 
this  period  are  numerous  and  present  many  variations  between 
different  types.  In  the  southern  portion  of  Puebla,  in  Guerrero 
and  Oaxaca  where  the  greater  number  of  exposures  occur,  their 
order  of  deposition  was  as  follows :  (a)  Porphyritic  gneiss  sim- 
ilar to  augen-gneiss,  losing  its  schistosity  below  and  passing  into 
a  species  of  granite ;  (^)  Phyllite  gneisses  resting  upon  and 
grading  into  the  preceding  beds ;  (c)  Mica  schists  some- 
what abundant,  at  certain  points  garnetiferous  and  comformable 
with  the  rock  below;  (^)  Phyllites,  very  argillaceous  in  their 
upper  portion,  but  with  the  clay  gradually  diminishing  toward 
the  base  and  with  concordant  structural  variation  from  stratiform 
to  schistose.  These  beds  rest  upon  chlorite,  sericite  and  amphi- 
bole  schists,  which  in  turn  cover  the  phyllite  gneisses. 

Later  than  the  deposition  of  the  argillaceous  phyllites  and 
before  the  end  of  the  Palaeozoic,  there  were  numerous  eruptions 
in  the  following  order :  ( i )  Gneissic  granite,  passing  into  a 
porphyritic  granite  which  cuts  the  mica  schists  without  pene- 
trating the  phyllites.  These  rocks  are  shown  in  the.  north  western 
portion   of  the  republic  in   the  City  of  Caborca,  Sonora.      (2) 


//r  //  f^^^TEP-  ha::: 

^0fAr\.^f^  './r\r^r  r^^^.i\</  rh<*  T.;ci   loh:"^*?    inri  Tlie  -avllitis  ind 

''.  »^^r^;^  ;»  .  *h^  r''/<>'^  of  ^iv^  Arch;*^.-..  x  K--.rr.b.lecce-ziranire 
»ft  fr*/,  */rr»f  ''Irir-^,^  :%ft<l  f'/'j'JLv.r,':,^.  irr><:ki.  r-trir.r  ill  the  Archaean 
r'^/:t  /'f^  F':/rr»:if;*i^.  :>:5i«:r.;r  :r.v^  ^raphx  granite  and  occur- 
f>ri;<  :#it  ''I>/^^  ^'iffiri^r  *h*^  ;(n<r>^;c  and  tr-e  granites.  There  seem 
f//  h;f  /^  J-z^^^n  tw''/  Av*,*'\T\f,\  '^.TirAh  of  cr-ption  of  the  pegmatite. 
7h>-  oi^I^r,  vs^n  in  V>nora.  cut^  onlv  the  zzicisiic  zranites.  the 
fuuA  '4f}f\  ihf*,  ;*fr»[/hi^y>I^  v.hi^t^.  The  later  and  more  common 
f'/j/^'  ^ 'if H  ;ill  thr  Ar^:h;i:an  UpcV^,  ((>)  Greisen,  associated  with 
fh^  yr'^ruf^.^,  forrninjr  vrgrc^jation  veins,  i/j  Diorite  dikes, 
l;#f^  f  fh;in  the  \fff'fj'<\\n*ft^  rock.s  but  t2LTVicT  than  the  end  of  the 
l'» I >#•/;///»/ .  Thr<i^  arc  very  abundant  in  the  southern  portion  of 
l'iM'bl«  Jind  thr  northern  part  of  Oxaca  and  Guerrero. 

Ihf  Arrhivufi  formal  con»irlcrablc  areas,  and  in  addition  to  the 
|//;ifif*  wrni\ffiu'(\  in  found  in  Zacatecas  near  Fresnilo,  in  Guana- 
juato in  th/'  virinity  of  the  capital,  in  Sinaloa,  near  the  crest  of 
th*'  Si/ffji  Mitt\rr,  ittul  near  Vera  Cruz.  The  rocks  also  form  the 
uifmnf  thr  prninnnla  of  Lower  California. 

I  1m'  I'tthfo/oic  ha.H  few  representatives  in  Mexico.  The  rocks 
itf  thi«i  «*y«itrni  wh(;Hr  aj(e  is  definitely  fixed  belong  to  the  Car- 
lionlf«riiu«i.  Although  considerable  areas  have  been  referred 
h»'hfo(orr  In  llir  Silurian,  and  fossils  characteristic  of  this  terrane 
iind  «iiilil  to  lie  from  Mexico,  may  be  found  in  collections,  we 
I* Mow  of  no  rHpoHiircM  proven  to  be  of  that  age.  In  the  collec- 
tion o(  thr  Institution  is  a  piece  of  limestone  holding  beautiful 
««pii  ItniMH  nl  (h'f/n's  tfstudhuma  Dalman,  and  sent  to  Professor 
<  umIIIIii  finni  thr  Cnesta  de  Santa  Teresa  near  Cachuamilpa  in 
lini'iM'iii.  (airfnl  ^earrh  in  the  locality  by  Professor  Castillo 
fiilli'il,  hnwi'ViM,  to  irvral  the  source  of  the  specimen.  Many 
)|^'lllllJl|^l^  luivr  {mni^nrd  to  the  Silurian  the  slates  found  at  Guana- 
junto,  t  ulnni*  (inil  /aoateras.  Those  at  Catorce  are  Jurassic, 
tinil  Nvhili' III  th«'  othei  localities  there  are  beds  older  than  the 
|niii»«M(r,  thnr  Im  no  ^wwX  reason  for  assigning  to  them  so  great 
iM)  \\)\y  i«M  tlh»  Sil\ni{U\.     With  regard  to   the  Devonian  Professor 
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Aguilera  has  succeeded  no  better  than  in  searching  for  the  Silu- 
rian. A  careful  study  of  localities  said  to  have  furnished 
Devonian  fossils  has  only  resulted  in  showing  the  presence  of 
certain  pre-Jurassic  rocks  whose  age,  because  of  the  absence 
of  fossils,  and  the  metamorphism  which  the  rocks  have  suffered, 
cannot  be  definitely  fixed. 

Carboniferous  rocks  of  undoubted  authenticity  occur  along 
the  Guatemala  border  directly  below  the  Cretaceous.  The 
rocks  are  compact  ash-gray  limestones,  containing  Productus 
semireticulatus.  Large  areas  of  rocks  in  the  central  and  northern 
portion  of  the  country,  assigned  by  Frazer,  Hall  and  others  to 
Silurian,  Devonian  and  Carboniferous,  are  now  known  to  be  either 
Cretaceous  or  of  unknown  age. 

In  the  absence  of  rocks  belonging  to  the  first  two  periods  of 
the  Palaeozoic,  it  seems  probable  that  Mexico,  which  during  the 
Archaean  was  reduced  to  a  group  of  islands,  or  perhaps  to  a  single 
narrow  peninsula  stretching  from  California  to  Tehuantepec  and 
Chiapas,  suffered  during  the  Silurian  and  Devonian  a  continu- 
ation of  the  ascendant  movement  which  began  at  the  end  of  the 
Huronian.  The  complete  absence  of  stratigraphic  and  palaeon- 
tologic  data  relative  to  the  first  subdivision  of  the  Permo-Car- 
boniferous  authorizes  the  belief  that  during  this  time  the  eleva- 
tion continued,  and  makes  acceptable  the  hypothesis  that  it  was 
during  this  time  that  the  various  islands  became  united  and 
formed  the  skeleton  of  the  country. 

The  Mesozoic  is  represented  in  Mexico  by  beds  of  the  Upper 
Triassic  and  Jurassic,  as  well  as  the  whole  of  the  Cretaceous. 
The  Triassic  beds  indicate  a  period  of  depression.  The  sedi- 
ments accumulated  in  marshes  and  estuaries  along  the  western 
coast  to  a  thickness  probably  of  lOOO  meters;  sediments  600 
meters  in  thickness  being  now  found  in  Sonora.  The  deposition 
was  interrupted  by  minor  elevations  as  is  shown  by  lithological 
variations  and  the  presence  of  basal  conglomerates.  The  depos- 
its cover  a  considerable  area  and  are  composed  mainly  of  gray, 
red  and  yellow  sandstones  and  gray  to  black  slates.  In  general 
the  rocks  outcrop  on  the  crests  of  low  hills  and  ridges,  being 
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uncovered  and  resting  upon  crystalline  schists,  granites  and  sim- 
ilar rocks,  or  are  intercalated  between  the  Huronian  rocks  and 
the  arenaceous  marls  and  slates  of  the  Upper  Jurassic.  The  lat- 
ter is  especially  true  south  of  Acatlan  and  about  Tezoatlan.  In 
some  instances  the  Triassic  is  covered  only  by  the  Cretaceous  or 
the  Tertiary. 

The  position  of  the  rocks  along  the  Gulf  of  California  and  in 
the  territory  of  Puebla  and  Oaxaca  indicates  that  after  their 
deposition  they  were  subjected  to  an  elevation  which,  continuing 
to  the  present  time,  has  placed  them  more  than  a  thousand  meters 
above  sea  level  in  Puebla  and  more  than  two  thousand  in  Oaxaca. 
In  spite  of  the  evidence  of  the  invasion  of  the  sea  in  the  Triassic, 
the  absence  of  marine  sediments  makes  it  impossible  to  trace 
the  old  shore  lines,  but  the  same  absence  indicates  that  the  land 
then  extended  notably  more  to  the  west  than  at  present  and 
that  the  deposits  then  made  along  the  coast  have  since  been 
buried. 

While  the  deposits  of  the  Triassic  were  made  in  marshes  and 
lagoons,  some  of  which  perhaps  communicated  with  the  sea, 
those  of  the  Jurassic  are  in  general  such  as  denote  continental 
seas  and  deep  water.  Certain  of  the  Jurassic  rocks,  however, 
seem  to  have  been  deposited  in  an  interior  sea  of  slight  depth. 
At  the  close  of  the  Triassic  the  northwestern  and  southern  parts 
of  the  country  were  elevated,  draining  the  marshes.  At  the 
same  time  the  southeast  sank  beneath  the  Lower,  and  later  the 
Middle  Jurassic  seas.  At  the  close  of  the  Middle  Jurassic  there 
was  a  further  land  movement  and  the  Upper  Jurassic  sea  crept 
in  over  large  portions  of  Coahuila  and  Oaxaca.  The  Jurassic 
rocks  are  conformable  with  the  Cretaceous  and  are  intimately 
folded  with  them. 

The  Cretaceous  rocks  cover  much  the  greatest  portion  of 
Mexican  territory.  They  include  three  well-marked  series  of 
beds,  the  Lower,  Middle,  and  Upper  Cretaceous.  These  corre- 
spond respectively  the  Lower  to  the  Neocomian,  the  Middle  to 
the  Cenomanian,  Turonian  and  a  portion  of  the  Senonian,  and 
the  Upper  to  the  Danian,  and  a  part  of  the  Senonian  of  Europe. 
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The  beds  of  the  lower  division  are  largely  shales,  clays,  marls, 
and  greensands.  The  middle  formation  is  mainly  made  up  of 
compact  ash-gray  limestones  frequently  magnesian,  though  not 
in  general  constituting  true  dolomite.  The  limestones  are  rich  in 
fossils,  though  they  have  been  much  metamorphosed.  The  upper 
member  occurs  only  in  the  northeastern  portion  of  the  country 
and  is  represented  by  fine  to  medium  grained,  gray  to  red  and 
yellow  sandstones,  alternating  with  clay  shales  of  gray  to  black 
colors. 

The  advance  of  the  sea  begun  in  the  Jurassic,  continued  until 
the  country  was  converted  into  an  archipelago  at  the  end  of  the 
Middle  Cretaceous.  There  was  then  a  general  elevation,  carry- 
ing all  but  the  northeastern  portion  of  the  country  along  the  Rio 
Grande,  above  the  sea.  This  elevation  was  accompanied  by  fold- 
ing and  mountain-making,  continuing  into  the  Upper  Cretaceous. 
It  was  at  this  time  that  the  main  masses  of  the  Sierra  Madre  of 
the  east  and  west  coasts  were  ridged  up. 

The  Upper  Cretaceous  was  laid  down  by  a  retreating  sea  and 
by  the  close  of  the  Mesozoic,  Mexico  had  its  present  general  out- 
line. There  were,  however,  certain  differences.  Although  the 
country  then  as  now  formed  a  great  triangle  with  the  apex  in 
Central  America,  the  width  of  the  landmass  was  much  less 
than  at  present.  The  Pacific  coast  line  was  farther  west  and 
Lower  California  was  not  yet  separated  from  the  mainland. 
The  Gulf  of  Mexico  had  a  more  irregular  coast  line  and  extended 
to  the  west  and  southwest,  probably  uniting  with  the  Pacific 
south  of  Guatemala.  Yucatan  and  Florida  were  as  yet  covered 
by  the  ocean. 

During  the  Eocene  there  was  a  series  of  vertical  oscillations, 
but  the  total  result  was  an  increase  of  territory.  In  the  Miocene 
there  was  along  the  east  coast  an  invasion  of  the  sea,  though  not 
so  as  to  cover  the  whole  of  the  Eocene  area.  At  the  same  time 
the  Pacific  advanced  inland  and  the  first  peninsula  of  the  Repub- 
lic was  cut  off,  forming  Lower  California.  Toward  the  close  of 
the  Miocene  a  new  movement  of  elevation  in  the  Atlantic  region 
caused  the  sea  to  abandon  most  of  its  former  dominion,  the  ele- 
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vation  terminaiing  at  the  beginning  of  the  Pliocene  with  the 
emergence  of  the  peninsula  of  Yucatan  and  all  of  the  southern 
part  of  the  country  which  at  the  beginning  of  the  Cenozoic  had 
been  buried  beneath  the  waters  of  the  two  oceans.  Upon  the 
Pacific  coast  the  depression  seems  to  have  continued  in  the 
Pliocene,  so  that  Lower  California  was  for  a  time  cut  off  from 
Upper  California  by  a  canal  and  thus  formed  an  island.  On  the 
Atlantic  coast  the  Pliocene  included  a  period  of  elevation  suc- 
ceeded by  one  of  depression  and  in  turn  followed  by  an  eleva- 
tion, the  latter  continuing  into  the  Quaternary. 

It  is  not  possible  to  fix  absolutely  the  age  of  all  the  Tertiary 
beds.  Those  west  of  Laredo  in  the  Rio  Grande  valley  seem  to 
belong  to  the  Timber  Belt  beds  of  the  Lower  Claiborne  of  Harris. 
East  of  the  same  place  are  beds  in  part  Eocene,  and  in  part 
Miocene,  possibly  Lafayette.  In  the  peninsula  of  Lower  Cali- 
fornia, particularly  along  the  Pacific  coast,  is  a  series  of  shallow 
water  deposits  resting  upon  the  trachytes,  andesites  and  dacites 
of  the  Eocene  and  containing  pebbles  of  rocks  erupted  in  the 
Miocene  with  fossils  of  Pliocene  character.  Along  the  Gulf  of 
Mexico  are  Tertiary  marine  sediments  made  up  of  incoherent 
shell  conglomerates  and  compact  limestones.  In  the  upper  por- 
tion these  contain  fossils  which  in  other  parts  of  the  continent 
are  Miocene,  mixed  with  recent  and  Pliocene  forms.  In  the 
lower  part  the  Miocene  forms  dominate. 

The  Tertiary  in  Mexico,  as  in  the  western  portion  of  the 
United  States,  was  a  period  of  great  eruptive  activity.  The  wide 
variety  of  rocks  and  the  large  masses  extruded  are  equally  aston- 
ishing. Syenites,  hornblende-diorites,  quartz-diorites,  diabases, 
porphyritic  andesites,  mica-andesites,  dacites,  and  basalts  are 
all  present.  With  the  andesites  are  trachytes,  rhyolites  and 
obsidians,  and  many  transition  varieties  are  present  throughout 
the  series.  The  eruptions  begun  in  the  Tertiary  have  continued 
to  the  present  and  have  had  much  to  do  in  shaping  the  topogra- 
phy of  the  country.  The  whole  of  the  eruptive  rocks  are 
treated  separately  by  Sr.  Ezequiel  Ordonez. 

H.  Foster  Bain. 


/ 
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Editorial. 


The  George  Huntington  Williams  Memorial  Lectures  were 
fittingly  inaugurated  last  month  by  the  course  of  six  lectures 
delivered  by  Sir  Archibald  Geikie  at  the  Johns  Hopkins  Univer- 
sity. The  establishment  of  this  memorial  is  due  to  the  generos- 
ity of  Mrs.  George  Huntington  Williams,  who  provides  in  this 
way  for  a  series  of  lectures  to  be  given  by  geologists  from 
various  parts  of  the  world  on  topics  of  interest  to  advanced 
workers  in  geology.  No  more  appropriate  introduction  to  what 
we  hope  may  become  a  permanent  source  of  inspiration  to 
living  geologists,  while  it  will  be  a  perpetual  memorial  of  Pro- 
fessor Williams,  could  have  been  chosen  than  the  subjects 
selected  by  Sir  Archibald  Geikie  for  his  lectures — The  Found- 
ers  of  Geology.  Reviewing  the  beginnings  of  the  science  and 
the  ideas  and  conceptions  of  those  early  workers,  he  not  only 
presented  a  worthy  introduction  to  a  course  which  will  deal 
largely  with  modern  views  and  advanced  theories,  but  he  placed 
within  easy  reach  of  many  a  knowledge  of  ideas  which  may 
have  appeared  as  new  to  us,  but  which  in  reality  presented 
themselves  to  the  earliest  investigators.  And  in  selecting  an 
historical  subject  he  followed  a  line  which  would  have  been 
most  attractive  to  Professor  Williams  himself,  and  one  in  which 
he  was  peculiarly  successful.  Those  of  us  who  were  prevented 
from  hearing  the  lectures  look  forward  to  their  publication  with 
great  interest. 


Through  the  courtesy  of  the  Governor  of  Maryland  and  of 
other  state  officials,  and  through  that  of  the  presidents  of  the 
railroads  in  the  state,  Professor  Wm.  B.  Clark,  the  state  geolo- 
gist, was  able  to  conduct  several  excursions  into  various  parts  of 
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Maryland,  which  were  attended  by  Sir  Archibald  Geikie  and  the 
visiting  geologists.  They  included  an  examination  of  the  Cre- 
taceous and  Tertiary  deposits  along  the  Chesapeake  Bay,  the 
coalfields  of  Alleghany  county,  the  Silurian  and  Devonian  for- 
mations of  the  Appalachian  district  of  the  state,  as  well  as  the 
Cambrian  strata  of  the  Blue  Ridge,  and  the  pre- Cambrian  vol- 
canic rocks  of  South  Mountain.  Opportunity  was  thus  given  to 
become  acquainted  with  the  geological  features  of  the  state, 
which  were  first  brought  into  prominence  by  the  investigations 
of  Professor  Williams  and  his  associates,  and  are  now  being  fur- 
ther developed  by  the  workers  on  the  state  survey  under  the 
direction  of  Professor  Clark. 

Sir  Archibald  Geikie,  as  Director  General  of  the  Geologi- 
cal Surveys  of  Great  Britain  and  Ireland,  was  prevented  by  the 
urgency  of  his  duties  at  home  from  spending  as  long  a  time  in 
this  country  as  his  friends  here  would  have  wished.  The  hearti- 
ness of  his  reception  at  those  places  he  was  able  to  visit  may  be 
taken  as  a  guarantee  of  the  high  esteem  in  which  he  is  held 
throughout  the  country.  The  hospitality  shown  him  in  Balti- 
more was  repeated  in  Washington,  Philadelphia,  New  York,  and 
Brooklyn,  in  several  of  which  places  he  delivered  addresses. 
The  lectures  at  the  Johns  Hopkins  University  attracted  geolo- 
gists from  widely  distant  parts  of  the  country  and  were  well 
attended,  and  Mrs.  Williams  is  to  be  congratulated  upon  so  suc- 
cessful an  inauguration  of  the  memorial  lectureship. 

J.  P.  I. 


Reviews, 


Some  Queries  an  Rock  Differentiation,     By  G.  F.  Becker.     Amer. 
Jour.  Sci.  (4),  Vol.  Ill,  pp.  21-40,  January  1897. 

In  this  discussion  Dr.  Becker  views  his  subjects  from  the  physico- 
chemical  side.  He  attempts  to  apply  some  of  the  results  of  Van 
t*Hoff,  Oswald,  Nernst,  and  other  investigators  to  the  question,  "  How 
may  rock  segregate  into  portions  of  distinctly  different,  yet  of  allied 
composition  ?"  He  thinks  that  differentiation,  or  segregation,  as  he 
prefers  to  call  it,  can  occur  only  in  two  ways:  (i)  By  the  increasing 
or  decreasing  the  concentration  of  certain  components,  caused  by 
variations  in  temperature  or  pressure,  which  exist  in  different  portions 
of  the  magma.  These  components  are  thought  to  be  dissolved  in  the 
remainder  of  the  liquid  rock,  and  to  obey  the  laws  of  dilute  solutions. 
(2)  By  separation  into  two  immiscible  liquids  due  to  changes  in  tem- 
perature and  pressure.  These  take  place  by  means  of  molecular  flow, 
or  diffusion,  and  he  thinks  convection  would  hinder  this  segregative 
process.  He  gives  as  instances  of  molecular  flow  the  diffusion  of  salts 
in  water,  and  explains  the  relation  of  osmotic  pressure  and  diffusion 
to  gas  pressure  and  diffusion,  and  mentions  that  the  three  funda- 
mental laws  of  gases,  viz.,  Boyle's,  Gay-Lussac's  and  Avagadro*s  have 
their  parallels  in  three  similar  laws  of  solution. 

Two  cases  of  diffusion  are  next  considered:  (i)  The  diffusion 
caused  by  heating  a  solution  at  the  top.  (If  the  solution  is  heated 
at  the  bottom,  convection  commences  and  segregation  is  prevented.) 
(2)  By  a  difference  of  pressure  at  the  bottom  from  that  at  the  top. 
Any  diffusion  caused  by  differential  pressure  would  be  too  slight  to 
have  any  appreciable  effect.  As  to  (i)  it  will  appear  from  arguments 
yet  to  be  presented  that  the  diffusion  will  be  so  slow  that  in  entire  geo- 
logical periods  no  effective  change  of  composition  would  be  possible. 
In  his  paragraph  on  the  character  of  diffusion  he  states  the  units  by 
which  diffusion  is  measured,  and  that  the  rate  of  diffusion  is  expressed 
by  the   same    mathematical    formula   as   is    the   conduction   of  heat. 

393 


394  REVIEWS 

However  this  law  only  holds  for  dilute  solutions,  and  he  attempts  to 
show  that  magmas  are  such  dilute  solutions. 

Applying  the  foregoing  to  the  rate  of  diffusion  under  the  assump- 
tion that  the  solvent  fluid  is  kept  at  constant  composition  and  the 
dissolved  substance  is  diffusing  through  it,  he  calculates  the  speed  of 
the  diffusion  of  various  salts  in  water.  He  finds  that  common  salt 
will  diffuse  fast  enough  to  semi-saturate  water  at  a  distance  of  i*"™  in 
one  day  and  loo  meters  in  270,000  years.  From  certain  observations 
he  infers  that  lavas  are  at  least  fifty  times  as  viscous  as  water,  and  there- 
fore diffusion  in  such  a  substance  would  be  fifty  times  as  slow  as  that 
in  water.  Taking  copper  sulphate  as  the  salt  whose  speed  of  diffusion 
should  be  multipled  by  fifty  to  represent  the  rate  of  diffusion  in  an 
average  magma,  he  finds  that  in  a  million  years  there  would  take  place 
a  diffusion  sufficient  to  impregnate  the  magma  for  forty-nine  meters, 
and  semi-saturate  it  to  a  distance  of  twelve  meters.  Finally  he  dis- 
misses the  hypothesis  of  the  diffusion  of  miscible  liquids  because  (i) 
diffusion  is  too  slow  a  process ;  (2)  a  higher  temperature  is  postulated 
at  the  top  than  at  the  bottom,  and  (3)  because  more  or  less  convec- 
tion is  unavoidable,  and  he  proceeds  to  consider  diffusion  of  immisci- 
ble liquids. 

He  gives  some  examples  of  liquids  which,  above  certain  tempera- 
tures peculiar  to  each,  are  perfectly  miscible,  and  below  these  definite 
temperatures  separate  into  two  immiscible  liquids.  This  separation 
is  accompanied  by  a  sudden  contraction  of  volume,  and  therefore 
all  such  separation  is  aided  by  increase  of  pressure.  His  points 
against  such  separation  appear  to  be  as  follows:  (i)  The  temperature 
of  separation  is  first  reached  along  the  walls  containing  the  magma, 
and  therefore  the  separating  component  will  condense  on  the  contain- 
ing walls  much  as  frost  and  dew  on  good  conductors  of  heat.  Such  a 
separation,  however,  involves  molecular  flow  from  the  interior  of  the 
fluid  to  the  walls,  and  therefore  no  large  portion  of  even  a  moderately 
viscous  magma  could  thus  separate.  (2)  If  the  fluid  does  not  con- 
dense on  the  sides,  it  must  aggregate  as  a  fog  in  the  center  of  the 
fluid.  This  fog  cannot  condense  farther,  as  a  fog  does  in  the  atmos- 
phere, on  account  of  the  great  viscosity  that  he  assumes  the  lava  to 
have.  (3)  Magmas  are  not  heated  much  above  the  melting  point,  and 
therefore  the  range  in  their  temperature  is  not  great  enough  to  present 
much  likelihood  of  their  crossing  the  critical  temperature  of  separa- 
tion.    This  follows  from  the  law  of  fusion  that  if  a  melted  magma 
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receives  an  increase  of  temperature,  this  increment  will  be  expended 
in  melting  more  of  the  surrounding  rock  rather  than  in  raising  the 
temperature  of  the  already  molten  mass. 

Concluding,  therefore,  that  his  theoretical  inspection  proves  that 
differentiation  can  at  most  play  only  a  minor  part  in  the  explanation 
of  consanguineous  rocks,  he  advances  his  theory  of  the  original 
heterogeneity  of  the  earth. 

The  points  advanced  for  such  a  heterogeneity  are  as  follows : 

1.  The  land  and  water  hemispheres. 

2.  Anomalies  in  gravity. 

3.  Distribution  of  feldspars  in  the  west. 

4.  Distribution  of  metallic  ores. 

5.  The  seeming  permanence  of  continental  plateaus  show  this 
heterogeneity  to  be  original. 

6.  Condensation  from  nebulous  ring  would  forbid  perfect  homo- 
geneity. 

7.  The  viscosity  of  the  fluid  earth  would  permit  only  a  rude  approx- 
imation to  uniformity  of  composition. 

8.  Hypogeal  refusion  results  in  a  re-formation  of  a  heterogeneous 
liquid. 

9.  The  transitional  series  of  erupted  lavas  may  be  explained  by 
chance  mixing  of  unlike  magmas. 

No  attempts  will  be  made  to  criticise  Dr.  Becker's  views  on  the  het- 
erogeneous composition  of  the  earth.  Many  of  his  points  are  strong, 
and  have  been  advanced  by  others  against  the  conception  of  a  primitive 
homogeneous  earth.  Yet  his  application  of  physico-chemical  princi- 
ples is  open  to  investigation. 

Dr.  Becker  is  doubtless  correct  in  his  conclusion  that  any  change  in 
relative  concentration  of  miscible  liquids  by  means  of  differential  pres- 
sure or  temperature  is  inadequate  to  explain  any  considerable  diffusion 
of  a  magma.  Prior  to  Dr.  Becker,  Dr.  Backstrom  pointed  this  out 
very  clearly.  Nevertheless  we  may  be  permitted  to  examine  some  of 
the  facts  he  cites  and  inferences  he  draws  to  prove  this  point. 

He  says  there  are  only  two  conceivable  ways  in  which  differentia- 
tion may  occur;  either  by  segregation  into  miscible  or  into  immiscible 
liquids,  caused  by  differential  pressure,  or  temperature  or  both.  May 
not  these  two  operations  be  assisted  by  the  crystallizing  of  different 
double  salts  at  different  temperatures  and  pressures  peculiar  to  each  ? 
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The  brilliant  investigations  of  Vant'  Hoff  along  this  line  do  not  seem 
to  have  been  applied  as  yet  to  the  problems  of  petrology. 

After  showing  that  the  law  from  which  he  calculates  the  rate  of 
molecular  diffusion  is  good  only  for  dilute  solution,  Dr.  Becker  says : 
"  Magmas  must  be  regarded  as  solutions  of  a  series  of  very  similar  sub- 
stances, and  it  is  known  that  in  such  cases  the  solubility  of  each  is 
diminished  by  the  presence  of  the  others." 

This  law  holds  only  for  salts  dissolved  in  a  dielectric,  and  is  due  to 
equilibrium  relations  between  free  ions  and  the  undissociated  portion 
of  the  salts.  By  ** a  series  of  very  similar  substances"  is  evidently 
meant  a  series  of  salts  the  members  of  which  have  some  common  ion  or 
ions.  If  the  data  in  the  paper  on  the  change  of  electric  conductivity 
observed  in  rocks  of  different  composition,  while  passing  from  liquid 
to  solid,  by  Carl  Barnes  and  J.  P.  Iddings,'  are  sufficient  to  prove  that 
there  is  electrolytic  dissociation  in  igneous  magmas,  then  Dr.  Becker's 
method  is  correct,  and  we  need  only  to  examine  his  assumptions  on  the 
viscosity,  etc.,  of  the  lavas.  If  these  data  are  insufficient  to  close  the 
subject  then  Dr.  Becker  is  reasoning  from  premises  not  yet  proved. 

Admitting,  however,  that  the  weight  of  evidence  is  with  Dr.  Becker 
on  this  point  we  may  examine  his  views  on  the  viscosity  of  lavas,  for 
although  of  importance  to  his  conclusions  regarding  segregation  of 
miscibU  liquids,  the  value  of  his  objections  to  segregation  of  immiscible 
liquids,  depends  upon  the  correctness  of  his  assumptions  on  this  point. 
He  states  that  "There  is  some  reason  to  think  that  the  viscosity  of  even 
the  most  fluid  lavas  is  more  than  fifty  times  as  great  as  that  of  water." 
This  is  drawn  (i)  from  a  comparison  of  the  speed  of  the  flow  of  lava 
from  Kilauea,  with  that  of  a  stream  of  water  of  the  same  cross  section 
and  flowing  down  a  slope  of  the  same  grade.  (2)  Since  banded  rhyol- 
ites  show  no  diffusion  of  their  layers  into  each  other,  it  follows  that  if 
they  had  viscosity  fifty  times  that  of  water  they  would  show  appreciable 
diffusion. 

It  does  not  seem  probable  that  the  viscosity  of  an  extruded  lava 
would  be  the  same  as  that  of  one  highly  treated  and  supercharged  with 
vapors.  The  erupted  lava  has  crusts  forming  on  both  outer  and  inner 
surfaces.  It  has  lost  much  of  its  superheated  steam  and  other  vapors, 
and  more  or  less  crystallization  has  already  started  throughout  its  mass. 
The  unerupted  lava  is  permeated  with  superheated  gases,  and  is  at  a 
very  high  temperature.     Of  course  pressure  increases  the  viscosity  and 

«  Amer.  Jour.  Sci.  (3),  XLIV,  242-249.     1892.  , 
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we  do  not  know  where  the  increasing  pressure  overtakes  the  effect  of 
increasing  temperature  and  superheated  gases,  and  therefore  we  may 
expect  some  lavas  to  be  very  liquid,  and  to  permit  considerable  molec- 
ular flow,  while  in  others  the  viscosity  might  be  so  great  as  to  prevent 
all  such  diffusion.  Therefore  is  the  assumption  that  the  viscosity  of 
unenipted  lavas  is  the  same  as  that  of  an  erupted  and  cooling  sheet 
warranted,  and  is  there  not  a  possibility  of  both  far  greater  and  far 
less  viscositv  than  that  assumed  bv  Dr.  Becker  ? 

We  have,  moreover,  positive  evidence  that  lavas  may  be  very  fluid  if 
the  pegmatitic  structure  in  the  rocks  of  Christiania  described  by 
firdgger  as  igneous  be  so,  as  he  aflfirms  for  his  region  at  least.  Also 
the  intrusion  of  erupted  matter  for  long  distances  along  planes  of  fis- 
sibility,  in  the  Archean  rocks  of  the  Lake  Superior  region,  demands 
more  or  less  fluiditv.  If  the  alternate  layers  of  banded  rhvolites  have 
a  different  amount  of  absorbed  water  vapor,  as  Professor  Iddings  sug- 
gests, this  phenomenon  might  better  be  considered,  as  the  result  of 
impregnation  of  the  magma  by  vapor  shortly  before  its  eruption. 
Moreover  the  fact  that  in  the  banded  rhvolites  we  do  not  have  dif- 
fusion between  the  layers  is  no  proof  that  under  other  conditions  we 
should  not  have  such  diffusion.  Some  magmas  have  been  erupted 
under  such  conditions  that  they  are  perfectly  homogeneous,  while 
others  show  marked  differentiation. 

We  reiterate  that  Dr.  Becker  is  correct  in  concluding  that  differen- 
tiation into  miscible  liquids  could  play  only  a  subordinate  part  in 
rock  segregation.  His  attack  on  the  theory  of  differentiation  into 
immiscible  liquids  seems  open  to  question ;  for  the  separation  must 
instantly  begin  throughout  the  portion  that  has  reached  the  critical 
temperature.  This  separation  will  start  at  many  different  centers,  as 
in  crystallization,  and  since  molecular  flow  is  rapid  for  short  distances, 
and  very  slow  for  longer  distances,  this  operation  would  be  rapid. 
When  these  immiscible  liquids  are  once  formed,  flow,  stirring,  gravity, 
etc.,  will  help  aggregate  like  to  like.  This  segregation  may  be  still 
farther  assisted  by  the  temperature  sequence  of  crystallization  of 
double  salts. 

His  point,  that  lavas  are  too  viscous  to  permit  such  separation  and 
aggregation,  has  been  already  answered.  His  third  point,  that  we 
cannot  have  wide  enough  range  of  teujperature  for  this  mode  of 
separation,  following  from  **the  law  of  fusion,"  may  have  force  in 
some  instances,  but  where  we  have  considerable  mass  of  magma  there 


398  REVIEWS 

could  be  a  large  increment  of  heat  as  we  approach  the  center.  To 
sum  up  the  whole  matter,  his  objections  to  the  segregation  of  miscibU 
liquids  are  qualitatively  correct,  but  the  quantitative  accuracy  is 
impaired  by  the  nature  of  the  assumptions  on  which  the  estimate  is 
based.  These  assumptions  are  thought  to  be  incorrect  in  some 
instances,  and  in  all  cases  to  lack  the  positive  proof  necessary  for  a 
scientific  demonstration. 

It  seems  unnecessary  to  assume  that  when  immiscible  liquids  are 
formed  segregation  can  only  take  place  along  the  walls,  and  therefore 
involve  extended  molecular  flow. 

Instead  of  this  we  conceive  that  the  process  may  resemble  crystalli- 
zation and  take  place  at  many  centers,  and  therefore  involves 
molecular  flow  through  short  distances.  All  stirring,  currents,  etc., 
instead  of  hindering,  would  aid  in  this  case. 

Finally,  we  have  the  fact  of  a  regular  rock  gradiation  established ; 
a  gradiation  which  is  too  widespread  and  uniform  to  be  explained  by 
an  original  heterogeneity  of  earth,  and  a  chance  mixing  of  the  lavas. 
Our  present  knowledge,  and  the  data  at  hand,  are  probably  too  meager 
to  exactly  explain  the  processes  by  which  such  gradation  was  accom- 
plished. Yet,  we  may  not  affirm,  with  Dr.  Becker,  that  rock  differen- 
tiation is  impossible  under  the  known  laws  of  physico-chemistry. 

The  problem  will  doubtless  yield  when  attacked  by  the  methods  of 
modern  physics  and  chemistry,  and  for  this  reason  Dr.  Becker's  paper 
is  most  timely.  Cyrus  Fisher  Tolman,  Jr. 


Afi  Introduction  to  Geology,     By  W.  B.  Scott.     The   Macmillan 

Company.      1897.     573  PP-     81 -90. 

The  preparation  of  a  satisfactory  text-book  on  any  subject  so  large 
as  geology  must  always  be  a  difficult  matter.  There  is  so  much  differ- 
ence of  opinion  as  to  where  emphasis  should  be  laid,  as  to  what  should 
be  said  and  what  omitted,  and  as  to  the  order  in  which  the  topics  should 
be  treated,  that  no  book  is  likely  to  command  universal  approval  in  all 
respects.  Yet  in  spite  of  all  the  difficulties  Professor  Scott  has  suc- 
ceeded in  preparing  a  book  which  will  command  respect  and  probably 
very  general  approval.  He  has  shown  in  its  preparation  a  sense  of 
proportion  which  the  makers  of  text-books  sometimes  fail  to  exhibit. 
When  to  this  is  added  that  he  has  made  use  of  the  newer  literature 
throughout,  so  that  the  book  is  up  to  date,  it  will  readily  be  inferred 
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that  the  book  is  likely  to  prove  a  useful  one  in  institutions  where  brief 
courses  in  geology  are  taken  by  somewhat  mature  students. 

The  book  perhaps  departs  as  much  and  as  satisfactorily  from  the 
text-books  heretofore  in  use,  in  its  treatment  of  the  later  parts  of  his- 
torical geology,  as  at  any  point.  In  his  treatment  of  the  Mesozoic  and 
later  periods,  the  author  has  brought  together  much  data  not  hereto- 
fore incorporated  in  a  text-book,  and  his  handling  of  that  difficult 
part  of  the  subject  is  much  more  satisfactory  than  that  found  in  most 
text-books  of  corresponding  scope. 

The  illustrations  in  the  volume  are  mainlv  new  and  attractive,  manv 
of  them  being  reproductions  from  photographs  direct.  The  illustra- 
tions of  fossils  seem  to  have  been  selected  liiith  great  care,  but  are,  on 
the  whole,  fewer  in  number  than  could  have  been  wished. 

The  publishers  have  done  their  usual  excellent  work  in  the  prepa- 
ration of  the  volume.  R.  D.  S. 


Missouri  Geological  Sun^cy,    Vol.  XI;  Clay  Deposits.     By  H.  A. 
Wheeler.     622  pp.,  39  pi.     Jefferson  City,  1896. 

The  eleventh  volume  issued  by  the  Missouri  Survey  is  well  up  to 
the  standard  of  the  previous  work.  It  is  a  report  of  much  more  than 
local  interest,  and  will  doubtless  become  the  standard  book  of  reference 
for  clay  workers,  filling  a  position  analagous  to  that  of  the  Manganese 
Report  of  the  Arkansas  Survey.  The  Missouri  clay  report  is  the  most 
comprehensive  work  treating  this  subject  issued  by  any  American  state 
since  the  New  Jersey  report  of  1 878.  It  monographs  the  subject  of  clays 
and  clay  working  as  exemplified  in  the  wide  range  of  deposits  and  pro- 
cesses in  Missouri.  It  is  written  from  the  point  of  view  of  the  engineer 
and  treats  of  the  different  clays  as  adapted  to  various  uses.  Never- 
theless there  are  many  geological  problems  whose  solution  will  be 
the  easier  for  it.  The  large  number  of  new  analyses,  as  well  as  the 
careful  tabulation  of  a  wide  range  of  older  ones  is  alone  a  feature  of 
great  value.  The  physical  tests,  the  studies  of  fusibility,  plasticity,  and 
shrinkage,  aside  from  their  immediate  practical  importance,  may  be 
used  to  advantage  in  studies  of  the  origin  of  mountains  and  of  moun- 
tain-making forces.  Probably  few  portions  of  geology  are  less  under- 
stood or  more  complex  than  that  which  relates  to  metamorphism,  and 
in  order  to  understand  the  nature  of  metamorphic  rocks  it  is  necessary 
to  have  something  more  than  a  general  notion  of  the  nature  of  the 
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metamorphosed  material.  This  has  been  recognized  so  far  as  the  pet- 
rology of  igneous  rocks  is  concerned  but  the  petrology  of  the  sedimen- 
taries,  being  less  inviting,  has  been  largely  neglected.  It  seems  prob- 
able however  that  the  field  will  eventually  yield  important  results  and 
certainly  until  it  is  better  understood  dicta  regarding  the  metamor- 
phism  of  sedimentary  rocks  must  rest  largely  on  assumption.  Professor 
Wheeler's  report  was  not  undertaken  with  this  point  in  view,  and  yet 
his  results  often  have  considerable  bearing  on  the  subject.  His  work 
will  also,  it  is  believed,  prove  helpful  because  of  the  methods  of  study 
and  measurement  which  he  has  formulated. 

To  one  not  already  familiar  with  the  trade,  the  wide  variety  of 
products  and  the  extent  of  the  clay  industry  in  Missouri,  will  doubt- 
less come  as  a  surprise,  and  yet  among  the  most  valuable  portions  of 
the  report  are  the  suggestions  with  regard  to  the  expansion  of  the 
industry.  If  these  be  followed  the  state  will  soon  receive  returns 
many  times  in  excess  of  the  cost  of  the  work.  H.  Foster  Bain. 


The  University  Geological  Survey  of  Kansas.  By  Erasmus 
Haworth  and  Assistants.  Vol.  II,  318  pp.  25  plates. 
Topeka,  1897. 

Under  the  direction  of  Professor  Erasmus  Haworth  the  University 
Geological  Survey  of  Kansas  has  published  a  second  volume  upon  the 
geology  of  that  state.  It  is  a  companion  and  supplement  to  volume 
one,  and  covers  the  western  half  of  the  state  as  the  former  covered  the 
eastern  portion.  It  deals  chiefly  with  the  stratigraphy  of  the  Upper 
Permian,  Cretaceous  and  Tertiary  formations,  and  while  it  affords  much 
valuable  information  to  the  geologist  it  is  written  primarily  for  the 
citizens  of  the  state.  In  the  preparation  of  the  volume  Professor 
Haworth  has  enlisted  the  cooperation  of  Professor  C.  S.  Prosser  of 
Union  College,  Schenectady,  N.  Y.,  with  his  two  assistants  Mr.  J.  W. 
Beede  and  Mr.  C.  N.  Gould,  Professor  S.  Williston  of  the  State  Uni- 
versity, and  Mr.  W.  N.  Logan.  The  report  is  illustrated  with  numer- 
ous half-tone  reproductions  from  photographs,  geologic  sections  and 
maps. 

The  first  paper  is  on  the  "Physiography  of  Western  Kansas'*  by  E. 
Haworth.  The  drainage  of  the  region  as  a  whole  is  considered  and 
the  present  drainage  is  compared  with  that  of  Tertiary  time.     Follow- 
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The  rex:  r^r-er  .5  It  Pro:e>5.or  C  S,  Prc*>>er  upon  "The  Upper 
PenLiizi  ind  the  Lr-wer  Cret^ceo-js."  Profe5v>or  Prosser's  wort  "Jiv^n 
ihe  PerrnLai:  of  K^^Nis  :>  well  known,  and  ihit  iv?r::on  of  the  presaent 
fiaper  deroied  to  the  Penritan  :>  but  1  supplement  10  what  he  has 
previous^T  published.  The  "Red  Beds',  or  Cinaarron  Series  cx"»aie  in 
for  consideration  here.  These  beds  have  been  placed  by  different 
workers  in  the  Permian.  Jura-Trias  and  Cretaceous,  The  entire 
absence  of  fossils  in  the  series  in  Kansas  makes  their  correlation  at 
best  uncertain.  The  presence  of  Permian  fossiis  in  the  "Red  Beds'' 
of  Texas,  however,  which  have  a  similar  position  but  differ  liih- 
ologically.  the  seeming:  conformity  with  the  true  Permian  below  and  the 
marked  unconformity  wi:h  the  Cretaceous  above,  |X>int  to  the  Permian 
or  Triassic  age  of  the  series,  bu:  Professor  Prosser  states  that  the  <ror- 
relation  of  the  bed5  with  either  the  Permian  or  the  Triassic  is  as  yet 
a  matter  of  uncertainty.  The  second  part  of  Professor  Prosser's  report 
is  upon  the  Lower  Cretaceous,  which  is  represented  in  Kansas  by  the 
Washita  division  of  the  Comanche  Series.  The  stratiAn"aphy  of  ilie 
formation  is  discussed  in  detail,  many  sections  and  lists  of  fossils 
being  given. 

A  chapter  on  "The  Upper  Cretaceous  of  Kansas"  is  contributed 
by  W.  N.  Logan.  The  series  is  well  represented  in  western  Kansas  by 
the  Dakota.  Benton.  Niobrara,  and  Fort  Pierre  groups.  Each  of  these 
formations  is  discussed  in  more  or  less  detail. 

The  next  paper  is  by  Professor  S.  W.  Williston  upon  "  The  Kansas 
Niobrara  Cretaceous.  This  is  followed  by  the  "  Physical  Properties  of 
the  Tertiary"  by  Professor  E.  Haworth,  in  which  the  stratigraphy,  lith- 
oloffv.  origin  and  mode  of  formation  of  the  Tertiarv  is  considered. 
**The  McPherson  Equus  Beds'*  are  described  by  Professor  Haworth 
and  J.  W.  Beede.  These  beds  have  been  considered  as  of  glacial 
origin.  This  explanation  of  their  origin  is  disputed  by  the  authors 
and  they  state  that  no  satisfactory  interpretation  of  them  can  as  yet  be 
advanced.  The  last  chapter  in  the  volume  is  by  Professor  Williston 
upon  **The  Pleistocene  of  Kansas."  The  deposits  of  this  age  are 
treated  briefly  and  mention  is  made  of  the  various  vertebrate  remains 
which  have  been  found  in  them.  S.  W. 
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Preliminary  Report  on  the  Marquette  Iron-Beari7ig  District  of  Michigan. 
By  Charles  Richard  Van  Hise  and  William  Shirley 
Bayley.  With  a  Chapter  on  the  Republic  Trough.  By  Henry 
Lloyd  Smyth.  U.  S.  Geological  Survey,  15th  Ann.  Rept., 
pp.  477-650,  pis.  13-26,  figs.  9-20;    1895. 

The  Marquette  district,  the  oldest  important  iron  district  in  the 
Lake  Superior  region,  is  well  known  to  students  of  pre-Cambrian 
geology,  and  while  it  has  been  studied  in  detail  before,  the  present 
report  represents  the  first  systematic  and  successful  attempt  to  unravel 
the  structure  of  the  region  and  to  determine  the  sequence  and  relations 
of  the  various  rock  bodies.  The  key  to  the  structure  of  this  district, 
which  is  in  general  the  key  to  the  structure  of  much  of  the  Lake 
Superior  region,  has  been  known  for  several  years ;  it  is  that  below 
the  Keweenawan  are  three  unconformable  rock  series,  frequently  so 
closely  folded  together  that  their  separation  is  very  difficult.  These 
three  series  are  the  Archean,  the  Lower  Huronian,  and  the  Upper 
Huronian,  or,  as  termed  in  this  report,  the  Basement  Complex,  the 
Lower  Marquette,  and  the  Upper  Marquette. 

The  district  studied  extends  from  the  Lake  Superior  shore  just 
south  of  Marquette  westward  to  Michigamme,  a  distance  of  over  thirty- 
five  miles ;  it  is  nine  miles  in  width,  but  in  places  much  more  than 
half  of  this  distance  is  occupied  by  rocks  of  the  Basement  Complex, 
and  has  not  been  studied  in  detail.  The  Lower  and  Upper  Marquette 
rocks  occur  in  a  basiij  flanked  on  either  side  (north  and  south)  by  the 
Basement  Complex,  which  is  composed  of  an  intricate  mixture  of 
granites,  gneisses,  schists,  and  surface  volcanics,  all  thoroughly  crystal- 
line, and  cut  by  basic  and  acid  dikes. 

The  Lower  Marquette  is  separated  into  six  conformable  formations 
as  follows,  in  ascending  order :  Mesnard  quartzite,  Kona  dolomite, 
Wewe  slate,  Ajibik  quartzite,  Siamo  slate,  and  Negaunee  formation. 
During  Lower  Marquette  time  the  transgression  of  the  ocean  was  from 
the  east,  so  that  the  lower  formations  are  represented  only  in  the  east- 
ern part  of  the  district,  and  on  going  westward  higher  and  higher 
strata  are  found,  resting  directly  on  the  underlying  Basement  Com- 
plex, between  which  and  the  Lower  Marquette  there  is  a  marked  uncon- 
formity. The  Negaunee  is  the  Lower  Marquette  iron-bearing  forma- 
tion, and  .is  composed  of  sideritic  slates,  grunerite-magnetite  schists, 
ferruginous  slates,   ferruginous  cherts  and  jaspilite,  all  of  which  are 
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genetically  related.  With  the  Negaunee  are  masses  of  basic  igneous 
rock,  both  extrusive  and  intrusive,  the  latter  being  the  more  common. 
There  are  three  classes  of  ore  deposits,  one  at  the  bottom,  one  within, 
and  one  at  the  top  of  the  iron -bearing  formation.  The  first  two  are 
generally  of  soft  hematite,  while  the  third,  which  is  associated  with 
the  uppermost  part  (jaspilite)  of  the  iron -bearing  formation  and  passes 
up  into  the  lower  part  of  the  Upper  Marquette,  is  of  hard  hematite. 
In  origin  the  ore  is  the  same  as  in  the  Penokee-Gogebic  range,  /.  ^.,  it 
is  derived  from  an  original  sideritic  chert,  and  has  been  concentrated 
in  certain  positions  by  percolating  waters,  and  the  silicious  portions  of 
the  rock  have  been  removed  from  these  areas  of  ore  concentration. 
The  ore  bodies  lie  in  pitching  troughs  formed  of  comparatively 
impervious  rock,  as  slate  or  basic  dike  rock,  or  both. 

The  Upper  Marquette,  resting  unconformably  on  the  Lower  Mar- 
quette, is  divided  into  the  Ishpeming,  the  Michigamme  and  the  Clarks- 
burg formations.  The  first  is  composed  of  the  Goodrich  quartzite  and 
the  Bijiki  schist,  the  latter  of  which  is  a  griinerite-magnetite  schist. 
Small  ore  bodies  occur  near  the  top  of  the  schist  and  also  in  the 
Michigamme  formation.  The  Clarksburg  is  composed  of  volcanic 
material,  and  the  volcanic  activity  is  thought  to  have  begun  during  the 
time  of  deposition  of  the  Ishpeming  formation,  and  this  igneous  mate- 
rial is  regarded  as  replacing,  where  it  occurs,  the  upper  part  of  that 
formation  and  the  lower  part  of  the  Michigamme. 

The  Republic  trough  is  a  syncline  with  the  axis  nearly  horizontal 
and  running  in  a  northwest-southeast  direction.  The  three  uncon- 
formable series  described  in  the  Marquette  area  are  here  represented, 
but  of  the  Lower  Marquette  only  two  upper  members  are  present, 
and  the  Clarksburg  formation  of  the  Upper  Marquette  is  lacking. 
The  iron  ore  deposits,  which  are  of  magnetite  and  hematite,  are  in 
the  upper  part  of  the  Lower  and  the  lower  part  of  the  L-pper  Mar- 
quette. 

In  structure  the  Marquette  district  is  complicated,  the  rocks  having 
been  subjected  to  severe  folding.  The  general  structure  is  a  broad 
complex  synclinorium,  in  which  the  folds  have  an  east  and  west  direc- 
tion. At  the  edges  the  folds  are  sharply  overturned,  and  on  going 
toward  the  center  higher  and  higher  beds  are  encountered.  The  struc- 
ture is  similar  to  the  composed  fan  folds  of  the  Alps,  except  that  the 
whole  has  sagged  down,  forming  a  synclinorium  rather  than  an  anti- 
clinorium  ;  to  this  the  name  of  Marquette  type  of  fold  is  applied.     In 
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addition  the  rocks  have  been  compressed  more  or  less  closely  by  a 
force  acting  in  an  east-west  direction. 

This  report  represents  a  vast  mass  of  most  detailed  examination  in 
the  field  and  in  the  laboratory,  the  completed  form  of  which  is  to  be 
expected  as  a  monograph  of  the  U.  S.  Geological  Survey.  With  this 
will  be  issued  maps,  on  the  scale  of  four  inches  to  the  mile,  showing 
all  outcrops  and  other  details  of  structure  and  of  topography.  As 
already  stated,  this  report  is  the  first  successful  attempt  to  present  the 
structure  of  the  Marquette  iron-bearing  district,  an  area  which  has  been 
much  studied  before,  but  most  of  whose  problems  have  remained 
unsolved.  While  there  are  a  few  minor  points  yet  unsettled,  the  major 
questions  have  been  answered.  The  whole  is  a  practical  and  success- 
ful application  of  the  advanced  methods  and  principles  of  structural 
geology  applied  to  nonfossiliferous  rocks,  which  methods  and  principles 
have  been  so  masterfully  presented  by  the  senior  author. 

U.  S.  Grant. 


Abstracts. 


Geological  Atlas  of  the  United  States,     Folio  jo,  Yellowstone  National 
Parky  Wyoming y  i8g6. 

The  Yellowstone  Park  folio,  recently  issued,  consists  of  six  pages 
of  descriptive  text,  three  pages  of  illustrations,  four  topographic  sheets 
(scale  I  :  125,000)  and  four  sheets  delineating  the  areal  geology  of  the 
region. 

The  general  descriptive  text,  giving  a  succinct  narrative  of  the  geo- 
logical history  and  development  of  the  park  countr}-  from  the  time  of 
the  earliest  continental  land  surfaces  up  to  and  including  the  hydro- 
thermal  phenomena  as  seen  today,  was  written  by  Arnold  Hague, 
geologist  in  charge.  It  is  followed  by  an  account  of  the  sedimentary 
rocks,  from  the  earliest  Cambrian  deposits  to  the  Tertiary  conglomer- 
ates, by  Walter  Harvey  Weed,  and  a  brief  petrographical  descrip- 
tion of  the  igneous  rocks,  by  Joseph  Paxson  Iddings.  The  area  of 
country  covered  by  the  Yellowstone  National  Park  folio  lies  between 
parallels  44^  and  45^  and  meridians  iio^  and  111°.  It  is  situated  in 
the  extreme  northwest  corner  of  Wyoming.  By  far  the  greater 
part  of  the  park  is  included  within  the  area  of  the  four  atlas  sheets, 
but  a  narrow  strip  lies  to  the  northward  in  Montana,  and  a  still  nar- 
rower strip  extends  westward  into  Idaho  and  Montana.  In  the  organic 
act  establishing  the  park.  Congress  declared  that  the  reservation  was 
"dedicated  and  set  apart  as  a  public  park  and  pleasure  ground  for  the 
benefit  and  enjoyment  of  the  people."  Owing  to  the  marvelous  dis- 
play of  geysers  and  hot  springs,  and  such  remarkable  physical  features 
as  the  Grand  Canyon  and  Yellowstone  Lake,  this  folio  possesses  more 
than  ordinary  interest  to  geologists. 

The  central  portion  of  the  Yellowstone  Park  is  a  broad  volcanic 

plateau,  with  an  average  elevation  of  8000  feet,  surrounded  on  nearly 

all  sides  by  mountains  rising  from  2000  to  4000  feet  above  its  general 

level.     The  continental   watershed   crosses  the    park,   separating  the 

waters  of  the  Atlantic  from  those  of  the  Pacific,  the  Missouri  and  the 

Columbia,  by  the  way  of  the  Yellowstone,  and  the  Snake,  finding  their 

sources  on  this  plateau. 
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The  oldest  rocks  of  this  region  are  granites,  gneisses,  and  schists 
regarded  as  of  Archaean  age.  They  occur  in  all  the  mountain  uplifts 
that  encircle  the  park,  but  are  unknown  in  the  central  portion.  Around 
these  ancient  continental  land  masses  there  was  deposited  a  conform- 
able series  of  sandstones,  limestones,  and  shales  extending  from  the 
time  of  the  Middle  Cambrian,  the  lowest  beds  exposed,  through  the 
Upper  Cambrian,  Silurian,  Devonian,  Carboniferous,  Juratrias,  and 
Cretaceous,  including  the  Laramie  sandstone.  Nearly  all  these  great 
divisions  of  Palaeozoic  and  Mesozoic  times  are  characterized  by  a  typ- 
ical fauna. 

With  the  close  of  the  deposition  of  the  Laramie  sandstone  the  con- 
formable series  of  sediments  came  to  an  end.  The  entire  region  was 
elevated  above  the  sea,  the  movement  being  accompanied  with  plica- 
tion and  folding  of  strata.  This  primary  orographic  uplift  which 
blocked  out  the  main  ranges  of  the  northern  Rocky  Mountains,  has 
been  designated  the  post- Laramie  movement. 

Tertiary  sedimentary  rocks  occupy  only  small  areas  in  the  park, 
the  greater  part  of  the  region  being  covered  by  extensive  flows  of  lava. 
A  heavy  mass  of  coarse  conglomerate,  designated  the  Pinyon  con- 
glomerate, has  been  referred  to  the  Eocene ;  and  Pliocene  conglomerate 
and  coarse  sands  are  well  exposed  in  the  escarpments  of  the  Grand 
Canyon. 

Volcanic  energy,  which  has  played  so  great  a  part  in  the  geolog- 
ical development  of  the  country,  was  connected  with  the  post-Laramie 
movement  and  followed  closely  upon  the  elevation  of  the  mountains, 
and  the  accompanying  dislocation  and  compression  of  strata.  The 
eruptive  masses,  in  forcing  their  way  upward,  sought  egress  along 
lines  of  least  resistance,  or  wherever  strain  has  been  greatest  in  the 
crumpled  sediments.  Volcanic  outbursts  continued  on  a  grand  scale 
throughout  Tertiary  time. 

During  the  Eocene  and  Miocene  periods  enormous  volumes  of 
fragmental  ejectamenta,  largely  composed  of  andesitic  and  basaltic 
breccias,  were  thrown  out.  The  Absaroka  Range  was  almost  wholly 
built  up  of  volcanic  material.  Evidence  of  this  long-continued  action 
is  shown  in  the  well-preserved  fossil  floras  of  Eocene  and  both  Lower 
and  Upper  Miocene  age.  The  famous  fossil  forests  of  the  Yellowstone 
are  of  Miocene  age.  After  a  period  of  great  erosion  the  depressed 
basin  lying  between  the  encircling  ranges  was  transformed  into  the 
present  Park  plateau  by  the  extravasation  of  immense  flows  of  rhyolite 
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of  Pliocene  age.  Still  later  the  recent  basalts,  the  last  of  the  igneous 
extrusions,  poured  out  over  the  rhyolite  along  the  ridges  of  the 
plateau.  A  generalized  vertical  section  accompanies  the  text,  showing 
the  order  of  succession  of  the  extrusive  flows,  from  the  earliest  out- 
bursts to  the  final  dying  out  of  eruptive  energy.  It  is  shown  that  long- 
continued  currents  of  heated  waters  and  acid  vapors  have  acted  as 
powerful  agents  in  decomposing  the  igneous  rocks  of  the  plateau,  and 
date  back  to  Pliocene  time ;  at  least  they  were  active  before  glacial  ice 
covered  the  countr}'.  Hot  springs,  geysers,  and  solfataras  are  closely 
associated  with  the  rhyolite,  and  in  fact  thermal  activity  is  confined 
almost  exclusively  to  areas  of  this  rock. 

The  illustrations  relate  mainly  to  the  occurrence  of  both  active  and 
dormant  geysers  and  hot  springs  or  some  phase  of  volcanic  geology. 
The  Grand  Canyon,  well  shown  in  the  illustration,  is  a  profound 
gorge  cut  in  the  Pliocene  rhyolite,  the  brilliant  coloring  being  due  to 
the  action  of  thermal  waters. 


Geologic  Atlas  of  the  United  States,     Folio  24,  Three  Forks^  Montana^ 
i8q6. 

This  folio,  by  Dr.  A.  C.  Peale,  consists  of  five  pages  of  text,  a  topo- 
graphic sheet  (scale  i  :  250,000),  a  sheet  of  areal  geology,  one  of 
economic  geology,  one  of  structure  sections,  and  one  giving  a  gener- 
alized columnar  section  for  the  district. 

The  area  covered  comprises  the  square  degree  which  lies  between 
the  meridians  111°  and  112°  and  the  parallels  45°  and  46°,  in  the 
southwestern,  mountainous  portion  of  Montana,  and  includes  3354 
square  miles.  In  the  extreme  southeast  corner  the  Yellowstone 
National  Park  barely  falls  within  the  area.  The  folio  derives  its  name 
from  the  valley  in  which  the  Jefferson,  Gallatin,  and  Madison  rivers 
unite  to  form  the  Missouri.  The  ** Three  Forks"  valley  is  important 
from  an  historic  standpoint,  as  being  the  point  which  Lewis  and  Clark 
reached  in  July,  1805,  when  they  named  the  three  confluent  branches 
of  the  Missouri. 

The  text  begins  with  a  general  description  of  the  geography  and 
topography  of  the  region,  and  then  takes  up  the  general  geology. 
The  oldest  rocks  in  the  region  are  the  crystalline  schists  and  gneisses, 
designated  as  of  Archaean  age,  which  in  pre-Cambrian  time  formed  a 
land  mass  comprising  nearly  all  the  area  included  in  the  map.     While 
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the  A];^onki2in  beds  were  being  deposited  to  the  extent  of  froxn  6coo 
to  f  2,000  feet,  there  was  a  jprsudual  subsidence  of  the  whole  region,  and 
»ha]low  sea%  for  the  most  part  prevailed.  During  the  Palaeozoic  age 
there  were  manv  minor  oscillations  of  the  surface,  which  were  more 
frequent  during  Cambrian  time  than  during  the  deposition  of  the 
f Devonian  and  Carbon  if erotis  limestones.  Toward  the  close  of  the 
Creta/^ous  period  a  general  ele\'ation  began,  which  was  accelerated 
after  the  deposition  of  the  Laramie  formation.  The  formation  of  the 
mountain  ranges,  together  with  the  subsequent  erosion,  resulted  in 
many  valleys,  which  eventually  were  occupied  by  fresh-water  lakes. 
These  lakes  attained  their  greatest  extent  in  the  Neocene  period,  last- 
ing in  ail  probability  until  the  Pleistocene  period  was  well  advanced, 
and  during  their  earlier  stages  immense  bodies  of  wind-carried  volcanic 
dust  were  deposited  in  their  waters,  and  are  now  seen  as  beds  of  pure 
white.  At  the  same  time  the  dust  fell  upon  the  surrounding  countr}*, 
from  which  it  was  afterward  washed  into  the  lakes,  forming  an  upper 
series  of  yellowish  and  rusty  colored  beds.  These  dust  showers 
d«*stroyed  both  animal  and  vegetable  life,  and  the  remains  carried  into 
the  lakes  were  buried  in  their  deposits,  where  they  are  now  found  as 
fossil  bones  and  opalized  and  silicified  wood. 

Under  the  "Description  of  Rock  Formations"  are  outlined  all  the 
formations  from  the  Archean  gneisses  up  through  the  Algonkian, 
Cambrian,  Devonian,  Carboniferous,  Juratrias,  Cretaceous,  Eocene, 
Neocene,  and  Pleistocene.  The  rocks  of  more  than  half  of  the  area 
are  of  sedimentary  origin,  while  the  crystalline  rocks  occupy  approxi- 
mately 1000  square  miles,  the  remaining  third  of  the  area  being  cov- 
ered with  igneous  materials.  Prominent  among  the  latter  are  the 
andesitic  breccias  which  form  the  main  part  of  the  Gallatin  range,  the 
great  porphyritic  laccolite  occupying  the  center  of  the  Madison  range, 
and  the  basaltic  plateau  which  lies  west  of  the  Madison  valley. 

Under  the  heading  "Structural  Geology,"  after  a  general  consid- 
eration, the  vertical  and  horizontal  movements  are  discussed,  and  the 
development  of  the  lake  basins  is  described.  The  arrangement  of  the 
rock-mass  is  complex,  the  structure  being  complicated  by  laccolites, 
dikes,  and  surface  flows  of  igneous  material.  Unconformities  exist, 
showing  that  areas  previously  raised  to  land  surfaces  and  worn  down 
have  subsided,  have  been  crossed  by  an  advancing  shore,  and  later 
have  passed  beneath  the  sea.  The  great  series  of  conformable  strata  is 
closely  folded,  and  has  been  pushed  up  in  arches,  many  of  which  have  been 
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overturned  from  the  effect  of  horizontal  thrusts.  The  simple  as  well 
as  the  overturned  synclines  are  marked  by  areas  of  Laramie  Cretaceous 
beds,  which,  at  the  time  of  the  folding,  were  the  latest  and  highest  of 
the  formations.  The  arches  between  the  troughs  having  been  broken 
and  exposed  by  the  elevation,  excessive  erosion  has  worn  them  down 
to  the  older  rocks,  exposing  the  Archaean,  which  usually  forms  the 
axes  of  the  uplifts.  Unlike  the  Appalachian  folds,  which  are  strikingly 
parallel  and  continuous,  these  folds  lie  in  various  directions,  due  to 
several  independent  centers  of  uplift.  Three  great  faults  cross  the 
Gallatin  range,  two  of  them  extending  across  the  Madison  range  to  the 
extreme  western  part  of  the  area.  Following  or  accompanying  the 
folding  of  the  Cretaceous  and  pre-Cretaceous  strata  the  detritus  result- 
ing from  the  greatly  facilitated  erosion,  together  with  volcanic  material 
erupted  during  this  epoch,  was  deposited  unconformably  on  the  eroded 
upturned  edges  of  the  earlier-formed  strata. 

The  lake  basins  are  now  the  floors  of  extensive  valleys  separating 
the  detached  mountain  ranges,  which  rise  about  6000  feet  above  their 
bases.  As  the  lake  deposits  are  at  least  2000  feet  in  thickness,  the 
difference  of  elevation  between  the  bottoms  of  the  lake  basins  and  the 
summits  of  the  peaks  must  be  at  least  8000  feet.  The  region  was  a 
mountainous  one  before  the  development  of  the  lakes,  but  in  the  evo- 
lution of  the  existing  relief,  movements  and  erosion  have  both  oper- 
ated to  accent  the  topographic  differences. 

The  principal  economic  resources  of  this  region  are  gold,  silver, 
iron  ore,  copper,  limestone,  and  coal.  The  occurrence  of  coal  in 
Devonian  rocks  on  the  north  side  of  the  Jefferson  canyon  is  of  geologic 
interest,  although  not  of  any  great  economic  importance.  The  fine 
pumiceous  volcanic  dust  found  in  the  old  lake  basins  has  been  utilized 
to  a  very  limited  extent  as  a  polishing  material.  Brick  clays  occur, 
and  are  used  to  a  small  extent  in  a  few  localities,  especially  near  Boze- 
man.  In  addition  to  the  economic  resources  just  referred  to,  the  sheet 
of  economic  geology  has  indicated  upon  it  the  localities  of  building 
stone  and  mineral  springs. 

Geologic  Atlas  of  the  United  States.     Folio  2g^  Nevada  City^  special  folio, 
California,  i8q6. 

This  folio,  by  Waldemar  Lindgren,  consists  of  seven  pages  of  text, 
three  special  topographic  maps  (scale   i  :  14,400),  the  Grass  Valley, 
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Nevada  City,  and  Banner  Hill ;  three  corresponding  maps  showing  the 
economic  geology,  and  three  others  giving  structure  sections. 

These  maps,  on  a  scale  of  about  four  inches  to  the  mile,  have  been 
prepared  to  illustrate  the  detailed  structure  of  the  gold-mining  regions 
in  the  vicinity  of  Nevada  City  and  Grass  Valley.  Each  of  them  com- 
prises an  area  three  miles  wide  by  four  miles  long,  the  total  area  being 
nearly  thirty-six  square  miles.  The  Nevada  City  and  Grass  Valley  areas 
fall  within  the  boundaries  of  the  Smartsville  atlas  sheet,  while  the  larger 
part  of  the  Banner  Hill  area  falls  within  those  of  the  Colfax  atlas  sheet. 
The  relief  is  that  common  to  the  middle  foothill  region  of  the  Sierra 
Nevada  —  that  is,  the  surface  is  a  very  irregular  and  undulating  plateau 
deeply  trenched  by  the  canyons  of  the  recent  river  systems. 

Sedimentary  rocks,  chiefly  referred  to  the  Calaveras  formation, 
occupy  small,  usually  long,  narrow  areas  imbedded  in  the  predomi- 
nating igneous  masses.  Granodiorite  occupies  a  large  part  of  the 
Nevada  City  and  Banner  Hill  districts,  while  a  small  massif  of  the 
same  rock  is  found  in  the  Grass  Valley  district.  Large  areas  of  dia- 
base, porphyrite,  and  brecciated  forms  of  these  rocks  surround  and 
separate  the  granodiorite  areas.  In  the  southwestern  part  of  the 
Nevada  City  district  and  the  northeastern  part  of  the  Grass  Valley,  a 
large  and  complicated  massif  is  found,  consisting  in  part  of  diorite,  in 
part  of  gabbro,  pyroxenite,  and  serpentine. 

The  slates  of  the  Calaveras  formation  are  the  oldest  rocks.  Next 
younger  are  the  diorites,  gabbros,  and  serpentines.  Still  later  are  the 
diabases  and  porphyrites  ;  and  the  intrusion  of  granodiorite  closed  the 
succession  of  igneous  rocks.  The  bed-rock  series  is,  as  usual,  in  part 
covered  by  several  hundred  feet  of  Neocene  gravels,  and  rhyolitic  and 
andesitic  tuffs,  the  gently  sloping  top  of  the  andesitic  ridges  forming 
a  principal  feature  of  the  landscape. 

The  Neocene  auriferous  gravels  have  been  extensively  worked  in 
the  Nevada  City  and  Banner  Hill  districts,  both  by  the  drifting  and 
the  hydraulic  processes,  and  considerable  ground  still  remains  which 
probably  can  be  profitably  worked.  The  gold-quartz  veins  are  numer- 
ous and  belong  to  several  distinct  systems.  They  are  found  in  all  of 
the  formations  represented  on  the  sheet,  and  generally  cross  the  con- 
tacts without  change.  In  the  Banner  Hill  district  the  veins  are  narrow 
but  rich,  and  have  a  general  east-west  direction  and  a  northerly  or 
southerly  dip.  In  the  Nevada  City  district  the  quartz  veins  have  a 
general  north-south  direction  and  an  easterly  dip  of  about  45°.     Large 
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dislocations  producing  overthrust  faults  have  occurred  along  several  of 
the  veins.  In  the  Grass  Vallev  district  there  is  one  svstem  with  a 
west-northwesterly  direction  and  a  steep  northerly  or  southerly  dip. 
On  this  svstem  the  celebrated  Idaho  mine  is  located.  Most  of  the 
veins  in  the  central  and  southerly  part  of  the  district  have  a  northerly 
direction  and  a  flat  easterly  or  westerly  dip.  The  veins  are  often 
accompanied  by  strongly  developed  sheeting  of  the  countr}-  rock. 


United  States    Geologic   Atlas,    Folio    28,    Piedmont,    West    Virginia- 
Maryland,  iSg6. 

This  folio  consists  of  six  pages  of  text,  signed  by  N.  H.  Darton 
and  Joseph  A.  Taff,  geologists,  and  closing  with  a  series  of  vertical 
sections  showing  the  positions  and  thickness  of  the  coal  beds ;  a 
topographic  map;  a  sheet  showing  the  areal  geology  of  the  district; 
another  showing  the  economic  geology ;  a  third  exhibiting  structure 
sections ;  and  a  fourth  containing  a  cohimnar  section  and  a  key  to 
the  synonymy  of  the  various  formation  names.  The  maps  are  on  a 
scale  of  i:  125,000. 

The  area  represented  is  about  925  square  miles.  In  Maryland  it 
comprises  the  southern  portion  of  Garret  county  and  a  small  area  in 
the  southwestern  corner  of  Alleghany  county.  In  West  Virginia  it 
includes  nearly  all  of  Grant  county,  the  western  portions  of  Hardy  and 
Mineral  counties,  the  northeastern  portion  of  Tucker  county,  and  a 
narrow  area  of  Preston  county  adjacent  to  the  Maryland  boundary 
line.  Its  southeastern  corner  is  in  a  region  of  Appalachian  ridges, 
and  it  extends  northwestward  over  the  Alleghany  Mountains  and  the 
Upper  Potomac  coal  basin  to  the  headwaters  of  the  Youghiogheny 
River,  a  branch  of  the  Monongahela  River. 

The  geologic  formations  comprise  members  ranging  from  the 
sandstones  in  the  middle  of  the  Silurian  to  the  Upper  Coal  Measures 
of  the  Carboniferous.  In  the  southeastern  portion  of  the  area  there 
are  two  sharp  anticlinal  uplifts  which  bring  up  the  Silurian  rocks  in 
two  prominent  mountains.  New  Creek  Mountain  and  Patterson  Creek 
Mountain.  To  the  westward  lies  the  coal  basin  which  extends  from 
the  Alleghany  front  to  the  Backbone  Mountain.  Along  its  center  is 
cut  the  deep  gorge  of  the  north  branch  of  the  Potomac  River.  The 
basin  is  a  relatively  shallow  one,  but  it  contains  about  3000  feet  of 
Carboniferous  deposits.     To  the  westward  is  the  anticlinal  region  of 
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Devonian  rocks  which  underlie  the  characteristic  glade  country  about 
Oakland,  Mountain  Lake  Park,  and  Deer  Park.  West  of  Oakland  is 
another  synclinal  basin  containing  about  2500  feet  of  Carboniferous 
beds. 

The  geologic  classification  does  not  differ  materially  from  that 
outlined  by  W.  B.  Rogers  and  others,  but  geographic  names  have  been 
applied  to  all  of  the  formations.  The  lowest  members  are  a  series  of 
sandstones  and  quartzites,  which  have  been  referred  to  as  "  No.  IV  "  and 
"Medina."  This  series  has  been  subdivided  into  the  Juniata  forma- 
tion, consisting  of  brownish  red  sandstones  and  shales ;  the  Tuscarora 
quartzite;  and  the  Cacapon  sandstones,  consisting  of  thin-bedded  red 
sandstones.  Next  there  is  the  representative  Clinton  formation,  which 
has  been  designated  the  Rockwood  formation,  as  in  other  folios ;  the 
Lewiston  limestones,  including  representatives  of  the  Helderberg 
and  associated  limestones,  and  the  Monterey  sandstones,  Romney 
shales,  Jennings  formation  and  Hampshire  formation,  representing 
the  Devonian  deposits.  As  the  last  three  formations  are  not  sharply 
separated  from  each  other,  the  patterns  by  which  they  are  represented 
on  the  map  are  merged  in  a  narrow  zone  along  their  boundaries.  The 
Carboniferous  period  is  represented  by  the  Pocono  sandstone;  the 
Greenbrier  limestone;  the  Canaan  formation,  which  in  a  general  way 
is  a  representative  of  the  Mauch  Chunk  shales ;  the  Blackwater  forma- 
tion, which  represents  the  Pottsville  conglomerate  in  greater  or  less 
part;  the  Savage  formation  and  Bayard  formation,  which  are  the 
Lower  Coal  Measures ;  the  Fairfax  formation,  or  Lower  Barren 
Measures,  and  the  Elk  Garden  formation,  a  part  of  the  Upper  Coal 
Measures. 

The  principal  coal  beds  are  in  the  Savage  formation,  containing 
the  "six-foot"  or  Davis  coal  bed;  the  Bayard  formation,  containing 
the  coal  bed  known  as  the  "four-foot"  or  "three-foot,"  or  "Bayard" 
or  "Thomas"  coal;  and  the  Elk  Garden  formation,  containing  the 
"fourteen -foot"  coal  bed. 

On  the  economic  sheet  of  this  folio,  the  coal-bearing  formations 
are  strongly  emphasized,  and  underground  contours  are  introduced 
to  show  the  lay  of  the  "six-foot"  coal  bed  in  the  Savage  formation  for 
each  100  feet.  Other  economic  resources  of  the  area  are  red  hematite 
iron  oreft  in  thin  beds  in  Rockwood  shales  and  limestones  at  several 
horizons,  of  which  the  lower  member  in  the  Lewiston  is  locally  availa- 
ble for  cement. 
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United  States   Geologic  AtlaSy  Folio  2j,    Nomini,    Mary  land- Virginia , 

i8g6. 

This  folio  consists  of  four  pages  of  text  signed  by  N.  H.  Darton, 
geologist,  a  topographic  map  of  the  district,  a  map  showing  the  areal 
geology,  and  a  map  showing  the  distribution  of  underground  waters 
and  artesian  wells.     The  scale  of  these  maps  is  1:125,000. 

The  area  represented  in  this  folio  is  about  938  square  miles,  which 
lies  partly  in  Virginia  and  partly  in  Mar}'land.  In  Virginia  it  com- 
prises nearly  all  of  Westmoreland  county,  with  parts  of  Essex,  Nor- 
thumberland, and  Richmond,  and  in  Maryland  it  includes  portions  of 
St.  Mary,  Charles,  and  Calvert  counties.  It  lies  entirely  within  the 
Coastal  Plain  area.  The  Potomac  River  extends  northwest  and  south- 
east across  the  middle  of  the  area,  the  Patuxent  River  crosses  its 
northeastern  corner,  and  the  Rappahannock  River  crosses  its  south- 
western corner.  To  the  extreme  northeastward  it  extends  to  the  shore 
of  Chesapeake  Bay.  These  waters  are  all  tidal  estuaries.  Along  the  river 
valleys  there  are  wide,  low  terraces  capped  by  the  Columbia  formation, 
of  Pleistocene  age.  The  intervening  areas  are  plateau  remnants 
capped  by  Lafayette  deposits,  of  supposed  Pliocene  age.  The  under- 
lying formations  are  the  Chesapeake  and  Pamunkey,  the  latter  extend- 
ing from  the  westward  only  a  few  miles  into  the  area,  along  the  north 
side  of  the  Potomac  River. 

The  Pamunkey  formation,  of  which  only  the  uppermost  beds  are 
exposed,  consist  in  greater  part  of  glauconitic  marls  of  Eocene  age. 
It  is  overlain  unconformably  by  the  Chesapeake  formation,  which  is 
characterized  by  fine  sands,  marls,  and  clays,  portions  of  which  consist 
largely  of  diatomaceous  remains.  The  formation  is  very  fossiliferous 
at  some  localities.  Its  age  is  Miocene.  The  greatest  thickness  which 
it  presents  in  the  Nomini  area  is  about  270  feet,  but  it  continues  to 
thicken  gradually  to  the  eastward. 

The  Lafayette  formation,  which  ranges  from  25  to  40  feet  in 
thickness,  consists  of  sandy  loams  of  orange,  brown  and  buff  tints 
often  variegated,  containing  irregularly  disposed  bands  and  sprink- 
lings of  small  quartzite  pebbles  and  coarse  sands.  The  pebbles  and 
larger  sand  grains  are  orange  tinted,  mainly  by  superficial  staining. 
The  plateau  surface,  capped  by  this  formation  and  deeply  incised  and 
dissected  by  the  larger  drainage  depressions,  inclines  gently  southeast- 
ward at  an  altitude  ranging  from  about  190  feet  along  the  northern 
and    western   border  of  the  area  to  about  90  feet   along   its  eastern 
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border.  Its  greatest  altitude  is  200  feet  in  a  portion  of  Nomini 
cliffs.  It  has  also  in  most  cases  a  slight  slope  into  each  of  the  river 
valleys. 

The  Columbia  formation  is  a  deposit  of  loam  merging  downward 
into  coarser  materials  containing  beds  of  quartzite,  gravel,  and  bowl- 
ders. Its  thickness  averages  20  feet.  Its  surface  extends  from  alti- 
tudes of  5  to  60  feet  above  tide  level. 

The  principal  economic  features  are  underground  waters,  which  on 
the  lower  lands  furnish  flows  for  artesian  wells.  Three  water-bearing 
horizons  are  known,  one  at  the  base  of  the  Pamunkey,  another  100  feet 
higher  in  the  same  formation,  and  a  third  in  the  lower  sandy  members 
of  the  Chesapeake  formation.  They  all  dip  to  the  eastward  at  a  very 
moderate  rate.  There  are  many  artesian  wells  which  obtain  water  sup- 
plies from  160  to  305  feet.  On  the  artesian  well  sheet  of  the  folio 
distinctive  underground  contours  are  given  to  show  the  depths  below 
tide  level  of  all  of  the  water-bearing  horizons. 

Other  economic  resources  of  the  area  are  marls  in  the  Pamunkey 
and  Chesapeake  formations,  diatomaceous  deposits  in  the  Chesapeake 
formation  which  are  often  sufficiently  pure  for  commercial  use,  brick 
clays,  potter's  clays,  sand  and  gravel. 


Geologic  Atlas  of  the  United  States,     Folio  26,  PocaJiontas,  VirgifUa- 
West  Virginia,  i8g6. 

This  folio,  by  Marius  R.  Campbell,  consists  of  fiwt  pages  of  text, 
a  topographic  sheet  (scale  i  :  125,000),  a  sheet  of  areal  geology,  one  of 
economic  geology,  another  of  structure  sections,  and,  finally,  a  sheet 
giving  a  generalized  columnar  section  of  the  district. 

The  territory  mapped  and  described  embraces  an  area  of  950  square 
miles,  the  southern  portion  of  which  is  in  Virginia  and  the  northern 
portion  in  West  Virginia.  It  is  located  west  of  New  (Kanawha)  River 
at  the  place  where  the  state  line  leaves  East  River  Mountain,  the  last 
of  the  valley  ridges  toward  the  northwest,  and  follows  the  irregular 
crests  of  the  ridges  within  the  coal  field.  The  southern  portion  of  this 
territory  is  within  the  limits  of  the  Appalachian  valley,  and  its  surface 
is  marked  by  linear  mountains  and  narrow  valleys,  which  are  the 
characteristic  forms  of  this  central  division  of  the  Appalachian  prov- 
ince. The  northern  portion  is  within  the  Cumberland  plateau  region, 
and  its  surface  is  that  of  a  tableland  deeply  dissected,  so  that  it  now 
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presents  a  confused  mass  of  irregular  ridges  and  hills,  only  the  sum- 
mits of  which  reach  the  original  level  of  the  plateau. 

The  geologic  structure  of  this  region  varies  as  the  topography 
varies.  In  the  northern  portion  the  rocks  are  nearly  horizontal,  their 
northwestward  slope  being  rarely  more  than  200  feet  per  mile,  whereas 
in  the  southern  portion  the  rocks  have  been  highly  compressed  in  a 
horizontal  direction,  forming  huge  folds,  which  in  many  places  have 
broken,  allowing  one  portion  of  the  fold  to  slip  over  the  other.  It  is 
this  tilted  condition  of  the  strata  which  gives  rise  to  the  regular  topo- 
graphic forms  of  the  Appalachian  valley.  The  attitude  of  the  rocks  is 
shown  on  the  structure-section  sheet  by  four  sections  which  cross 
various  portions  of  the  territory. 

The  geologic  history  of  this  region  is  recorded  in  the  rocks,  which 
tell  of  prevailingly  marine  conditions  from  early  Cambrian  to  late 
Carboniferous  time.  There  were  deposited  during  that  time  sediments 
to  the  extent  of  17,000  or  18,000  feet  in  thickness,  which  have  since 
been  hardened  into  limestone,  shale,  and  sandstone.  Of  this  great 
mass  the  limestones  form  about  6700  feet ;  the  shales  9500  feet ;  and 
the  sandstones,  about  1400  feet.  On  lithologic  grounds  these  have 
been  divided  into  twenty -three  separate  and  distinct  formations, 
which  are  shown  on  the  general  geologic  map  by  various  colors  and 
patterns. 

There  is  little  variety  in  the  mineral  resources  of  this  region.  Coal, 
iron  ore,  and  marble  constitute  about  all  of  the  mineral  wealth  of  the 
territory.  A  limited  area  of  coarse  gray  marble  occurs  along  the 
northern  front  of  Big  Walker  Mountain,  but  no  development  has  been 
undertaken. 

Iron  ore  occurs  in  two  formations  of  the  Upper  Silurian  rocks.  It 
is  of  good  quality,  and  probably  in  sufficient  quantity  to  be  of  com- 
mercial importance,  but  its  inaccessibility  has  prevented  develop- 
ment. 

Coal  is  by  far  the  most  important  mineral  resource  of  this  region. 
The  territory  represented  by  this  sheet  embraces  almost  the  entire  Flat 
Top  or  Pocahontas  coal  field  at  present  developed.  All  operations  are 
confined  to  the  great  No.  Ill  or  Pocahontas  seam  of  coal,  which  is 
semi-bituminous  and  ranges  in  thickness  from  four  to  ten  feet.  It  is 
exposed  along  the  valley  of  Bluestone  River  from  Pocahontas  to  the 
edge  of  the  territory  ;  along  Tug  Fork  ;  in  the  valley  of  Elkhorn  Creek 
from  Coaldale  to  Kimball,  near  the  edge  of  the  areaj  and  at  several 
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places  on  the  head  streams  of  Guyandotte  River.  Mining  is  restricted 
to  the  Bluestone  region  and  the  valley  of  Elkhorn  Creek.  In  these 
two  areas  there  are  at  present  in  operation  thirty-seven  distinct  mines, 
which  in  1894  produced  3,096,867  long  tons  of  coal. 


Geologic  Atlas  of  the  United  States,     Folio  25,  Loudon,  Tennessee,  /8g6, 

The  Loudon  folio  represents  that  portion  of  the  Appalachian 
province  which  is  situated  beween  the  parallels  35°  30'  and  36°  and  the 
meridians  84°  and  84°  30'.  This  area  contains  968  square  miles, 
divided  among  Blount,  Monroe,  Loudon,  Knox,  Roane  and  Morgan 
counties,  Tennessee.  The  folio  consists  of  a  topographic  map,  a 
geologic  map,  structure  sections,  stratigraphic  sections,  a  map  of  the 
economic  resources,  and  descriptive  text.  The  author  is  Arthur 
Keith. 

The  text  begins  with  a  general  description  of  the  Appalachian 
province,  and  points  out  the  relations  of  this  area  to  the  general  region, 
with  regard  to  its  surface  features.  The  local  features  of  the  drainage 
by  the  Tennesse  River  and  its  tributaries,  Emory,  Clinch,  Tellico,  and 
Little  Tennessee,  follow  next  in  description.  The  various  forms  of 
surface,  such  as  the  great  valley  of  Tennessee  and  the  portions  of  the 
mountain  district  and  the  Cumberland  plateau  by  which  it  is  bounded, 
are  pointed  out,  and  the  relation  between  these  forms  and  the  under- 
lying rocks  is  made  clear. 

Under  the  heading  "Stratigraphy,"  the  geologic  history  of  the 
Appalachian  province  is  presented  in  outline,  and  the  local  rock 
groups  are  fully  described  in  regard  to  composition,  thickness,  loca- 
tion, varieties,  and  mode  of  deposition.  The  formations,  thirty-three 
in  number,  range  in  age  from  Cambrian,  to  Carboniferous ;  being, 
for  the  greater  part,  Cambrian  and  Silurian.  The  mountain  district  is 
chiefly  underlain  by  the  Ocoee  series,  whose  age  is  doubtful.  Rocks 
of  Carboniferous  and  Devonian  age  occupy  two  small  belts  on  either 
side  of  the  great  valley,  and  Silurian  and  Cambrian  strata  are  repeated 
in  narrow  belts  along  it.  Limestones,  shales,  and  interbedded  sand- 
stones make  up  the  Silurian  and  Cambrian  strata;  sandstones  and 
shales  with  coal  seams  and  a  limestone  near  the  base  constitute  the 
Carboniferous;  and  the  Ocoee  rocks  are  conglomerates,  sandstone, 
slate,  and  limestone. 

The  details  of  the  strata  are  graphically  represented  in  the  colum- 
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nar  section.  The  different  manners  in  which  the  formations  decay  is 
discussed,  and  the  dependence  of  the  residual  soils  and  surface 
forms  on  the  nature  of  the  underlying  rock  is  brought  out.  Great 
lithologic  changes  occur  in  the  formations  of  this  region,  and  the 
Knox  dolomite  is  the  only  one  which  is  uniform  throughout.  The 
direction  of  change  was  exactly  reversed  between  Cambrian  and  Silur- 
ian times. 

In  the  discussion  of  "Structure,"  after  a  general  statement  of  the 
broader  features  of  the  province,  two  processes  by  which  the  strata  of 
this  quadrangle  were  deformed  are  noted.  Of  these  the  extreme 
Appalachian  folding  accompanied  by  faulting  and  metamorphism  is  by 
far  the  more  prominent  and  is  about  equally  developed  throughout 
the  quadrangle.  Faults,  especially,  are  most  strikingly  exhibited  here. 
Deformation  by  vertical  uplift  is  also  exhibited,  but  it  is  only  noticeable 
in  comparison  with  broad  surrounding  areas.  In  this  quadrangle  the 
great  valley  is  at  its  narrowest,  on  account  of  the  extreme  shortening 
in  deformation.  The  structure  sections  illustrate  the  sharp  folds  and 
frequent  faults  into  which  the  strata  were  forced.  Economic  products 
of  this  region  are  coal,  variegated  marble,  red  hematite,  building  stone, 
lime,  clays,  slate  and  timber.  The  outcrops  of  the  formations  containing 
these  are  indicated  on  the  economic  sheet,  together  with  the  locations 
of  the  mines  and  quarries.  The  iron  ore  and  slate  are  at  present  of 
minor  importance.  The  coal  district  is  a  part  of  the  great  coal  basin  of 
Tennessee,  and  the  marble  belts  are  a  part  of  the  principal  productive 
region  for  that  stone.  Various  conditions  affecting  the  value  of  these 
deposits  are  pointed  out,  and  the  associations  and  availability  of  the 
building  materials  and  timbers  are  discussed. 


Geologic  Alias  of  the   United  States,     Folio  27,  Morristown,  Tennessee ^ 
1896. 

The  Morristown  folio  by  Arthur  Keith,  deals  with  that  portion  of 
the  Appalachian  province  which  is  situated  between  the  parallels  36° 
and  36°  30'  and  the  meridians  83°  and  83°  30'.  This  area  contains  963 
square  miles,  divided  among  the  counties  of  Green,  Cocke,  Jefferson, 
Hamblen,  Grainger,  Claiborne,  Hancock,  and  Hawkins,  all  in  Tennes- 
see. Included  in  the  folio  are  topographic,  economic,  and  geologic 
maps,  structure  and  stratigraphic  sections,  and  five  pages  of  descriptive 
text. 
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After  a  description  of  the  broader  features  of  the  Appalachian 
province,  the  local  geography  is  analyzed.  The  various  types  of 
surface  features  are  pointed  out,  and  their  relations  to  the  underly- 
ing rocks  are  shown.  Local  phenomena  such  as  elevations  and  the 
details  of  the  drainage  which  is  effected  by  the  Nolichucky,  French, 
Broad,  Holston,  and  Clinch  rivers,  tributaries  of  the  Tennessee,  are 
detailed. 

Under  the  heading  "Stratigraphy"  the  geologic  history  of  the 
Appalachians  is  presented  in  outline.  This  is  followed  by  a  detailed 
account  of  the  local  rock  groups,  in  regard  to  their  location,  composi- 
tion, thickness,  variations,  and  mode  of  deposition.  The  soils  and 
forms  of  surface  produced  by  each  formation  are  discussed  with  the 
formations.  Twenty  formations  ranging  from  Cambrian  to  Carbon- 
iferous, are  distinguished  in  this  quadrangle  ;  the  greater  portion  being 
Cambrian  and  Silurian.  The  rocks  of  Carboniferous  and  Devonian 
age  are  found  only  in  two  narrow  belts  in  the  ridge  district,  and  are 
represented  by  only  four  formations.  Over  the  rest  of  the  area  Cam- 
brian and  Silurian  strata  are  about  equally  represented.  A  great 
variety  of  limestones,  shales,  and  sandstones  compose  the  Cambrian 
and  Silurian  rocks.  Shales  and  sandstones  make  up  the  Devonian, 
while  only  the  limestone  appears  in  the  Carboniferous.  Great  changes 
take  place  in  the  Silurian  strata;  limestones  on  the  northwest  being 
represented  by  shales  and  sandstones  at  the  southeast.  The  general 
character  of  the  formations  is  graphically  represented  in  the  columnar 
sections,  one  being  drawn  for  each  of  the  two  chief  geologic  districts. 

In  the  discussion  of  structure,  after  a  general  statement  of  the 
broader  features  of  Appalachian  structure,  the  two  types  of  deforma- 
tion shown  in  this  region  are  described,  and  illustrations  are  pointed 
out  in  the  structure  sections.  In  the  ridge  district  the  most  prominent 
feature  is  the  faulting,  which  has  cut  the  strata  into  long  narrow  blocks 
and  produced  the  characteristic  ridge  topography.  Southeast  of  Hol- 
ston River  the  rocks  were  deformed  by  close  folds.  Deformation  by 
vertical  uplift  is  also  present,  but  it  can  only  be  observed  in  compari- 
son with  other  and  larger  areas.  In  the  structure  sections,  most  of 
the  details  of  the  different  structures  are  shown. 

Economic  products  of  this  region  are  marble,  building  stone,  lead, 
zinc,  cement,  clays,  and  timber.  The  outcrops  of  the  formations 
containing  these  are  represented  on  the  economic  sheet  as  far  as  pos- 
sible, together  with  the  locations  of  mines  and  quarries.     The  principle 
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industries  are  the  production  of  zinc  and  marble;  the  timbers  and 
water  powers  are  also  of  general  importance.  The  various  conditions 
which  affect  the  development  of  these  resources  are  discussed. 
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INTRODUCTION. 

The  principal  facts  which  form  the  basis  of  this  paper  were 
presented  in  an  article  read  before  the  joint  session  of  the 
Geological  Society  of  America  and  Section  E  of  the  American 
Association  for  the  Advancement  of  Science  at  Buffalo  in 
August  1 896.'     They  may  be  briefly  summarized  as  follows : 

During  parts  of  the  seasons  of  1893,  1895  ^^^  1896  the  writer 
explored  the  eastern  coast  of  Michigan  southward  from  Mack- 

'  An  abstract  of  this  paper  was  read  before  the  Geological  Society  of  America  at 
Washington,  December  31,  1896. 

'"Glacial  Succession  in  Eastern  Michigan."     Abstract  in  Am.  Geol.  for  October 
1896,  p.  234. 
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inac  straits  chiefly  with  the  object  of  tracing  the  old  shore  lines. 
Incidentally,  however,  much  information  was  gathered  concern- 
ing the  terminal  moraines  which  lie  in  the  same  area.  Their 
development  and  relations  were  found  to  be  for  the  most  part 
very  simple.  Between  Mackinac  straits  and  Toledo,  Ohio,  five 
moraines  were  found  arranged  in  consecutive  order  or  in  series, 
and  the  series  is  regarded  as  complete  within  this  interval.  The 
work  of  the  past  season  brought  the  moraines  of  Michigan  into 
connection  with  those  of  Ohio  and  Indiana  where  their  relations 
had  been  worked  out  by  eaHier  observers  —  by  G.  K.  Gilbert 
and  N.  H.  Winchell  in  northwestern  Ohio,  by  C.  R.  Dryer  in 
northeastern  Indiana,  and  by  F.  Leverett  in  western  and  south- 
western Ohio.* 

According  to  Mr.  Leverett  and  Professor  Chamberlin  the 
drift  of  the  Wisconsin  glacial  epoch  extends  down  into  south- 
western Ohio  nearly  to  Cincinnati.*  Near  this  place  its  farthest 
limit  is  marked  by  a  terminal  moraine,  and  from  this  there  is  a 
series  of  moraines  extending  northward  to  the  Maumee  valley. 
Numbering  the  moraines  up  from  the  south  the  one  that  passes 
through  Defiance  is  the  tenth.  By  the  work  of  the  several 
observers  mentioned,  the  whole  interval  from  Cincinnati  to  the 
Straits  of  Mackinac  has  been  explored,  and  the  sum  of  the  ter- 
minal moraines  in  the  whole  series  is  fifteen.     And  further,  not 

■Gilbert  in  the  reports  of  the  Geological  Survey  of  Ohio,  Vol.  I,  1871,  chap,  xxi, 
P«357-  Winchell  in  Proc.  A.  A.  A.  S.,  Vol.  XXI,  1872,  pp.  1 71-179;  Geological  Sur- 
vey of  Ohio,  Vol.  II,  1874,  pp.  56,  431-433.  Dryer  in  the  i6th,  17th  and  i8th  reports 
of  the  State  Geologist  of  Indiana,  1888  to  1894.  Leverett  in  Am.  Jour.  Sci.,  Vol. 
XLIII,  1892,  pp.  281-297;  Jour.  Geol.,  Vol.  I,  No.  2, 1893,  PP*  129-146. 

"Mr.  Leverett  speaks  of  this  as  "the  later  drift"  (Jour.  Geol.,  Vol.  I,  No. 
2,  p.  138.)  Professor  Chamberlin  afterwards  applied  the  name  "East-Wisconsin 
formation  "  to  this  drift,  and  the  same  is  now  known  as  the  "  Wisconsin  formation." 
(Geikie*s  "Great  Ice  Age,"  1894,  p.  763  and  map  opposite  p.  727.  Also  in  Jour. 
Geol.,  Vol.  Ill,  No.  3,  pp.  270  and  275.)  Professor  Chamberlin  recognizes, 
with  a  reservation  of  doubt,  a  division  of  the  moraines  of  the  Wisconsin  formation 
into  "earlier"  and  "later"  groups.  ("Great  Ice  Age,"  pp.  763-764.)  But  this 
division  would  make  very  little  difference  in  the  conclusions  reached  here.  For  in  the 
Miami  valley  the  first  moraine  north  of  Cincinnati  is  the  only  one  belonging  to  the 
earlier  group.  All  the  rest  of  the  series  northward  to  Mackinac  belong  to  the  later 
group  and  are  therefore  a  consecutive  series  in  time. 
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only  is  it  ascertained  that  there  are  fifteen  moraines  between 
Cincinnati  and  Mackinac,  but  the  conditions  of  glacial  motion 
and  drift  deposition  were  so  simple  along  the  entire  line  that  it 
is  substantially  certain  that  the  series  is  full  and  complete. 
Three  more  moraines  in  the  same  series,  but  possibly  not  con- 
secutive, were  found  north  of  the  straits.  In  making  the  count 
the  central  axes  of  a  connected  series  of  wide  open  valleys  was 
followed  —  up  the  Miami  valley,  down  the  Maumee,  up  the 
Detroit  and  St.  Clair  and  thence  northward  along  the  west  shore 
of  Lake  Huron.  This  course  was  chosen  because  the  ice  motion 
was  naturally  the  freest  in  the  open  valleys  where  the  resistance 
was  least,  and  the  oscillations  of  the  ice-front  were  recorded 
there  more  distinctly  than  anywhere  else.  This  line  avoids  all 
interlobate  and  other  morainic  complexes  and  follows  the  valley 
axes  where  the  amplitude  of  the  peripheral  oscillations  of  the 
ice-sheet  was  naturally  greatest. 

On  examining  the  configuration  of  the  individual  moraines 
and  on  comparing  the  intervals  of  distance  between  them  (shown 
on  the  accompanying  map)  it  is  apparent  that  the  principal 
irregularities  of  the  moraine  series  are  due  to  topographic  influ- 
ences. As  the  ice-sheet  crept  along  it  moved  forward  farthest 
and  fastest  in  low  wide  valleys  like  the  St.  Clair-Detroit  valley, 
and  it  lagged  behind  on  the  hills  and  highlands  as  on  Blue 
Mountain  south  of  Georgian  Bay,  on  the  highlands  south  of  the 
Straits  of  Mackinac,  and  on  the  ** thumb"  between  Saginaw  Bay 
and  the  south  arm  of  Lake  Huron.  The  relative  width  of  the 
valley  and  the  relative  height  of  the  bounding  highlands  had  a 
considerable  effect  upon  the  amplitude  of  the  oscillations  at  any 
given  point.  For  in  a  narrow  valley,  between  relatively  high 
side  lands,  as  was  probably  the  case  to  a  slight  extent  in  the 
Miami  and  Sciota  valleys,  the  ice  movement  was  cramped  and 
the  amplitude  of  oscillation  more  or  less  reduced.  The  ice-lobes 
that  spread  away  southward  from  the  Huron,  Saginaw  and  Erie 
lake  basins  were  wonderfully  sensitive  to  topography.  Differ- 
ences of  level  of  the  general  land  surface  over  which  they  moved 
amounting  to  as  little  as  a  hundred  or  even  fifty  feet  determined 
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the  direction  of  flow  and  shaped  the  lobes.  The  intervals 
between  the  moraines  show  some  irregularity,  but  on  a  close 
study  of  the  relief  of  the  region,  with  due  allowance  for  its  influ- 
ence upon  the  ice-motion,  it  seems  clear  that  if  the  uneven 
features  of  the  land  surface  had  been  wholly  absent  the  moraine 
series  would  have  been  perfectly  regular,  either  with  ecjual  inter- 
vals or  intervals  showing  a  regular  order  of  variation. 

VALUE    OF    THE    CINCINNATI-MACKINAC    MORAINE    SERIES    AS    A    BASIS 

OF    INTERPRETATION. 

So  far  as  known  to  the  writer  there  is  no  other  glaciated  area 
of  like  extent  where  a  moraine  series  is  found  so  simple  and 
complete  as  that  between  Cincinnati  and  Mackinac.  Similar 
moraine  series  are  known  in  many  other  places — most  notably 
in  the  adjacent  areas  of  the  Sciota  Valley  in  Ohio,  in  south- 
western Michigan  and  northwestern  Indiana,  and  in  Illinois,  Iowa, 
Minnesota  and  the  Dakotas,  but  in  none  of  these  regions  are 
the  phenomena  of  equal  simplicity  or  completeness.  A  few 
moraines  in  series  are  known  in  the  eastern  states  and  New  Eng- 
land, and  a  few  also  in  Europe,  but  in  all  these  regions  they  fall 
far  short  in  comparison.  The  series  of  moraines  extending 
northeastward  from  Defiance  to  Rochester,  N.  Y.,  may  ultimately 
prove  to  be  as  good  as  that  extending  to  Mackinac,  but  at  the 
present  time  it  appears  to  be  incomplete.  Eastward  from  Cleve- 
land especially  the  lower  moraines  are  closely  packed  on  the 
steep  northward  slope.  In  the  Dakota-Minnesota  series  Mr. 
Upham  finds  twelve  moraines,'  but  it  is  perhaps  somewhat  doubt- 
ful, as  was  recently  pointed  out  by  Professor  Todd,  whether  all 
these  moraines  are  in  one  series.*  In  Illinois,  western  Indiana 
and  southwestern  Michigan,  Mr.  Leverett  finds  a  number  of 
moraines  in  series,  but  there  are  overlaps  in  the  area,  and  in  Illi- 
nois, especially,  the  individuals  join  and  separate  so  often,  form- 

'"The  Glacial  Lake  Agassiz,"  by  Warrkn  UrnAM ;  Monograph  XXV,  U.S. 
Gcolojs'ical  Survey,  1896,  pp.  139-141.  Also,  Twenty-second  Ann.  Rcpt.  Minn.  Geol. 
Survey,  Part  III,  1894,  P*  45* 

"*A  Revision  of  the  Moraines  of  Minnesota,"  by  J.  E.  Todd.  Abstract  in  Am. 
CJcol.  for  October,  1896,  p.  225. 
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ing  a  series  of  complex  loops,  that  the  system  appears  at  pres- 
ent confused  and  a  complete  and  simple  series  is  not  easily 
made  out.  The  moraines  of  the  Saginaw  lobe  in  all  probability 
make  a  simple  series  of  at  least  eight  or  ten  members,  but  they 
have  not  yet  been  fully  explored.  The  chief  element  of  con- 
fusion in  these  several  areas  appears  to  be  due  mainly  to  the 
influence  of  a  relatively  complex  topography.  There  may  have 
been  other  causes  of  complexity,  but  the  land  relief  is  clearly 
the  most  important. 

The  individual  moraines  of  the  Cincinnati-Mackinac  series 
are  also  as  a  rule  simpler  in  their  reliefs,  in  the  curves  by  which 
they  cross  the  valleys,  and  the  intervals  between  them  are  wider 
and  more  regular.  Their  relations  to  each  other  and  to  the 
adjacent  higher  lands  are  also  simpler. 

On  account  of  their  completeness  and  simplicity,  therefore, 
the  moraines  of  the  Cincinnati-Mackinac  series  constitute  the 
best  body  of  facts  now  known  for  the  study  of  the  cause  of  the 
oscillations  of  the  retreating  ice-sheet,  and  there  appears  to  be 
little  prospect  of  ever  finding  a  better  one.  With  few  exceptions 
a  comparison  of  other  moraine  series  shows  at  once  that  the 
reason  the  Cincinnati-Mackinac  series  is  so  simple  is  that  the 
land  relief  which  the  ice  encountered  along  this  line  was  of  the 
simplest  sort.  Such  a  comparison  in  nearly  every  instance 
strengthens  the  conclusion  that  if  the  ice-sheet  had  moved  over 
a  perfectly  plane  surface  the  moraines  would  have  been  laid 
down  at  regular  intervals  or  else  at  intervals  varying  progress- 
ively in  a  regular  way.  In  short,  the  departure  from  perfect 
simplicity  and  regularity  in  the  moraine  series  of  any  ice-lobe 
seems  to  be  in  a  general  way  proportional  to  the  magnitude, 
number,  and  complexity  of  arrangement  of  the  larger  topo- 
graphic features  which  it  encounters. 

KNOWN  PERIODIC  OSCILLATIONS  OF  CLIMATE. 

It  has  been  supposed  by  many,  and  apparently  with  good 
reason,  that  northern  lands  were  elevated  to  relatively  high 
altitudes  during  the  Ice  age.     This  is  held  by  some  to  have  been 
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the  chief  causal  condition.  But  whatever  the  cause  of  the  Ice 
age  itself  may  have  been,  it  seems  hardly  possible  to  account  for 
the  moraines  of  recession  by  any  scheme  of  ups  and  downs  of 
the  solid  earth.  The  moraines  themselves  indicate  that  the 
oscillations  of  the  ice-front  were  of  a  periodic  nature,  and  there- 
fore dependent  upon  the  operation  of  a  periodic  cause.  All 
geological  forces  that  are  purely  terrestrial  are  necessarily  derived 
from  the  interior  of  the  earth,  and  there  is  no  evidence  that  their 
activities  are  periodic,  although  they  may  recur  at  irregular 
intervals.  Still  less  is  it  possible  to  conceive  of  true  periodicity 
in  the  surface  manifestations  of  purely  terrestrial  forces,  such,  for 
instance,  as  would  be  required  to  explain  periodic  movements  of 
elevation  and  subsidence  over  wide  areas,  especially  where  the 
amount  of  the  successive  movements  would  have  to  be  regulated 
to  the  extreme  nicety  of  progressive  variation  requisite  to  pro- 
duce the  climatic  cause  of  the  moraines  of  recession.  All  such 
supposable  terrestrial  causes  may  therefore  be  safely  put  aside. 
To  find  a  source  for  periodic  causes  we  are  compelled  to  turn 
to  astronomy.  According  to  established  doctrines  the  only  way 
in  which  astronomical  forces  can  be  supposed  to  influence  glaci- 
ation  is  through  climate.  The  annual  period  of  climatic  change 
is  so  short  that  it  is,  of  course,  out  of  the  question.  A  period 
of  climatic  change  in  rounds  of  about  thirty-five  years  has  been 
deduced  by  Forel  and  others  from  the  study  of  the  variations  of 
glaciers  and  of  rainfall.*  But,  as  will  be  shown  farther  on,  this 
too  seems  far  too  short.  After  this  the  only  known  period  of 
climatic  variation  is  that  due  to  the  precession  of  the  equinoxes, 

*  F.-A.  Forel.  (Archives.  Sci.  Phys.  Nat,  May  15,  1886,  p.  503.)  Forel  points 
out  that  the  variations  of  rainfall  and  air  temperature,  as  deduced  by  C.  Lang,  agree 
with  his  own  periods  of  variation  in  Alpine  glaciers.  (Also  Am.  Jour.  Sci.,  for  July 
1886,  p.  77.)  In  Forel's  latest  writing  on  this  subject  ("Les  Variations  Periodiques 
des  Glaciers/*  Geneve,  1895)  he  finds  the  grounds  for  deducing  a  definite  period  to  be 
rather  unsatisfactory.  He  finds  that  glaciers  of  different  sizes  and  lengths  do  not  show 
the  effects  of  causes  of  advance  or  retreat  synchronously.  After  a  few  seasons  of 
increased  precipitation  all  glaciers  tend  to  advance,  but  small  ones  advance  sooner 
than  great  ones  so  that  they  do  not  attain  their  maxima  at  the  same  time.  A  small 
glacier  will  reach  its  maximum  and  get  far  back  on  its  retreat  before  a  greater  glacier 
attains  its  maximum  advance  —  a  result  that  is  natural  from  the  fact  that  the  effects 
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and  the  movement  of  the  perihelion  of  the  earth's  orbit.  Mr. 
G.  K.  Gilbert  has  used  this  period  of  climatic  oscillation  in  con- 
nection with  another  matter.  His  stateme^.t  relating  to  the 
length  and  variability  of  the  precessional  period  is  concise  and 
convenient.  **The  precessional  period  is  about  26,000  years,  but 
the  position  of  the  perihelion  also  moves  —  for  the  most  part  in 
a  direction  opposite  to  that  of  the  equinoxes — and  the  resultant 
of  the  two  motions  has  an  average  period  of  about  2 1 ,000  years. 
It  is  not  absolutely  regular,  but  ranges  ordinarily  within  10  per 
cent,  of  its  mean  value,  and  exceptionally  to  50  per  cent,  above 
and  below."*  The  period  at  21,000  years  seems  too  long,  but  if 
we  take  it  at  its  minimum  of  10,500  years,  it  may  not  be.' 

THE    THEORETICAL     EFFECT     OF     PRECESSIONAL     OSCILLATIONS     OF 

CLIMATE    UPON    THE    ICE-SHEET. 

Let  US  see  in  what  manner  the  astronomical  forces  would  work, 
supposing  the  oscillation  of  the  ice-front  to  be  due  to  precession. 
Precession  is  produced  by  the  rotation  of  the  axis  or  pole  of  the 
earth  around  the  pole  of  the  ecliptic.  The  figure  thus  described 
on  the  celestial  sphere  is  not  in  reality  a  true  circle,  but  for  the 
purposes  of  this  paper  it  may  be  assumed  that  it  is,  without  in 
any  way  impairing  the  general  truth  or  validity  of  the  conclu- 
sions reached.  The  general  idea  of  the  influence  of  precession 
upon  terrestrial  climate  has  been  so  often  discussed  that  it  is 
hardly   necessary  to  dwell  at  length  upon  it  here.     But  it  is 

of  causes  of  advance  or  retreat  proceed  in  waves  downward  from  the  n^v^  to  the  end  of 
the  ice-tongue.  From  this  and  other  causes  of  complication  he  Bnds  it  hard  to  make 
out  clearly  any  regular  period  of  variation.  Nevertheless,  it  is  probable  that  a  thirty- 
five-)'ear  period  exists.  The  progress  of  investigation  along  this  line  is  well  summar- 
ized by  Professor  H.  F.  Reid,  "Variations  of  Cllaciers,"  Joi'r.  Gei>i..,  Vol.  Ill,  No.  3, 
1S95,  P-  278  et  seq. 

*" Sedimentary'  Measurement  of  Cretaceous  Time,"  by  G.  K.  Gilbert.  Joir. 
Geol.,  Vol.  Ill,  No.  2.  1895,  PP*  121-127. 

'There  is  a  possibility  that  the  period  of  precession  during  the  glacial  epoch  was 
considerably  shorter  than  the  minimum  of  the  modem  calculation.  Perhaps  the 
chance  of  this  seems  ver)-  remote,  but  there  are  small  changes  going  on,  now  appar- 
ently secular,  which  in  so  great  a  lapse  of  time  may  prove  to  be  periodic  and  may 
come  to  be  of  prime  importance  in  their  effects  on  terrestrial  climate. 
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necessary  to  see  clearly  how  the  position  or  place  of  the  ice- 
front  is  related  to  this  kind  of  climatic  change.  The  change  of 
climate  from  this  c.^usc  does  not  go  on  with  the  rotation  of  the 
earth's  pole  pari  passu.  For  the  pole,  under  the  simplified  con- 
ditions here  postulated,  moves  in  a  circle  and  changes  its  posi- 
tion at  a  uniform  rate.  The  effect  of  this  movement  on  climate 
is  to  produce  a  periodic  or  oscillatory  change  to  and  fro  between 
two  extremes  or  climaxes,  and  these  changes  go  on  in  an  endless 
alternating  series,  from  cold  to  warm,  from  warm  to  cold,  from 
cold  to  warm,  and  so  on.  In  glacial  times  a  climatic  variation 
of  this  sort,  even  if  it  were  slight  in  amount,  must  have  had  its 
effect  on  the  ice-sheet.  As  climate  grew  more  severe  the  ice- 
sheet  would  advance  its  front  all  along  and  spread  over  a  larger 
area,  and  as  climate  moderated  the  ice-front  would  draw  back 
and  the  area  of  the  ice-sheet  would  be  reduced.  Thus  it  may 
be  demonstrated  that  the  effect  of  a  precessional  oscillation  of 
climate  upon  the  ice-sheet  would  be  to  cause  it  to  alternately 
increase  and  decrease  its  area  by  a  series  of  expansions  and  con- 
tractions, and  this  process  would  necessarily  be  accompanied  by 
a  corresponding  series  of  alternate  advances  and  retreats  of  the 
ice-front.  We  arc  thus  enabled  to  infer  the  character  or  manner 
of  the  oscillations  of  the  ice-front,  supposing  them  to  be  due  to 
precession.  They  would  obviously  follow  the  manner  of  what 
is  called  simple  harmonic  motion.  If  a  wheel  be  made  to  rotate 
on  a  fixed  vertical  axis  a  point  or  peg  on  its  rim  describes  a  cir- 
cle when  viewed  from  above.  But  if  we  look  at  the  wheel  edge- 
wise, or  from  the  side,  the  peg  appears  to  move  to  and  fro  along 
a  straight  line,  more  slowly  near  the  ends,  fastest  in  the  middle, 
and  coming  to  rest  for  an  instant  at  each  extremity.  The  man- 
ner of  the  apparent  motion  is  like  the  swinging  of  a  pendulum 
viewed  from  below.  This  is  the  manner  in*  which  the  forward 
and  backward  movements  of  the  ice-front  would  take  place  if 
produced  by  precession.  As  the  cold  increased  after  a  warm 
climax,  the  ice-front  would  advance,  at  first  slowly,  but  at  increas- 
ing rate,  until  the  middle  point  of  the  oscillation  was  reached; 
then  more  and  more  slowly  until  it  came  to  rest  at  its  cold  or 
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forward  climax,  where  it  would  halt  and  build  a  terminal  moraine. 
Then  as  climate  ameliorated  the  ice-front  would  retreat  in  the 
same  fashion  and  at  its  warm  or  backward  climax  it  would  again 
halt  and  build  a  moraine.  The  moraines  of  the  cold  climaxes 
would  always  be  built  after  an  advance  movement,  and  would 
therefore  be  left  standing.  But  the  moraines  of  the  warm  cli- 
maxes would  always  be  built  after  retreats  and  just  before 
advances,  and  would  therefore  be  overridden  and  destroyed. 
From  these  considerations  it  is  plain  that  the  time  during  which 
the  ice-front  would  stand  at  or  near  its  extreme  forward  position 
while  building  its  terminal  moraine  at  the  cold  climax  would  be 
only  a  fraction  of  the  whole  precessional  period.  The  precise 
value  of  this  fraction  depends  upon  three  factors:  (i)  on  the 
period  or  duration  of  the  precessional  oscillation  of  climate  ;  (2) 
on  the  amplitude  of  the  oscillation  of  the  ice-front,  and  (3)  on 
the  width  of  the  drift  belt  which  takes  the  form  of  a  terminal 
moraine  at  the  cold  climax.  The  character  of  the  moraine  built 
would  vary  considerably  according  to  the  manner  of  combina- 
tion of  long  or  short  periods  with  small  or  great  amplitudes. 
Other  factors,  such  as  the  quality  and  quantity  of  the  drift,  the 
land  relief,  the  situation  with  reference  to  the  margin  of  the 
lobe  (frontal  or  interlobate),  latitude  and  local  climatic  influ- 
ences modify  the  character  of  the  moraines  more  or  less,  but 
need  not  be  discussed  further  here. 

By  way  of  illustration  let  us  consider  a  hypothetical  case 
Suppose  the  amplitude  of  oscillation  to  be  thirty  miles,  which  is 
probably  not  far  wrong  for  certain  localities,  and  the  period  to 
be  10,000  years,  which  is  in  round  numbers  the  supposed  mini- 
mum value  of  the  precessional  period.  The  moraines  are  from 
two  to  ten  miles  wide,  the  average  being  not  far  from  five. 
Their  width  varies  considerably  in  different  regions  and  different 
situations,  but  the  figures  given  are  approximately  true  for  north- 
western Ohio,  northeastern  Indiana,  and  southeastern  Michigan 

Figure  i  represents  a  simple  harmonic  motion  in  which 
A  B  CD  is  the  circle  of  reference  and  represents  the  circle  which 
the  pole  of  the  earth  describes  on  the  celestial  sphere  in  10,000 
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years.  The  diameter.^  Cmay  be  taken  to  represent  the  amplitude 
of  the  oscillation  of  the  ice-front  as  affected  by  the  precessional 
oscillation  of  climate,  and  is  put  at  thirty  miles.  Of  course  the 
ice  keeps  melting  as  it  moves  forward  so  that  there  is  no  material 
thing  that  constantly  accompanies  the  ice-front  as  it  changes  its 
position.  But  we  may  imagine  a  point  which  shall  keep  its 
place  constantly  at  the  front  edge.     This  point  would  move  to 


and  fro  with  the  ice-front  on  the  line  A  C,  following  the  order 
of  the  precessional  changes  of  climate.  An  arrow  within  the 
circle  shows  the  direction  of  the  general  glacial  flow,  which  is 
maintained  in  the  glacier  itself  through  all  phases  of  advance 
and  retreat  of  the  ice-front.  The  climaxes  of  cold  will  therefore 
be  at  A  and  the  climaxes  of  warmth  at  C,  and  the  ice-front  will 
have  a  period  of  rest  at  each  of  these  points.  When  the  ice- 
front  passes  O  it  will  always  be  moving  at  the  maximum  rate, 
whether  of  advance  or  retreat.  As  the  ice-front  moved  forward 
from  0  \.o  A  its  rate  of  advance  would  decrease,  and  would 
become  very  slow  on   approaching   near  to  A,  and   the   retreat 
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from  A  to  0  would  have  the  same  character  in  reverse  order. 
The  five  miles  nearest  to  A  represents  the  approximate  width  of 
the  belt  in  which  terminal  moraines  at  the  cold  climaxes  are 
built.  If  the  whole  period  of  precession  be  io,ooo  years  and 
the  amplitude  thirty  miles,  it  is  easy  to  show  that  the  ice-front 
would  be  within  the  five-mile  belt  (^^')  about  2700  years,  and 
within  the  three-mile  belt  {aa')  about  2075  years.  A  period  of 
terminal  moraine  building  of  the  same  duration  would  also  take 
place  at  C,  the  warm  end  of  the  oscillation,  but  the  moraines 
built  there  would  always  be  overrun  and  destroyed  at  the  next 
advance. 

If  this  process  were  carried  on  with  ideal  simplicity  the  result- 
ing forms  of  the  terminal  moraines  at  the  two  extremes  of  oscil- 
lation would  be  substantially  as  represented  in  cross  section  in 
the  figure.  Those  at  A  would  have  relatively  short,  steep  front 
slopes  and  long,  gentle  back  slopes,  while  those  at  C  would  have 
long,  gentle  front  slopes  and  short,  steep  back  slopes.  In  the 
moraine  series  as  we  have  it,  all  those  made  at  C  have  been 
destroyed,  and  we  have  left  only  those  made  at  A,  We  shall 
see  presently  that  where  the  conditions  were  simplest  the 
moraines  do  in  fact  show  plainly  a  tendency  to  take  the  form 
shown  at  A. 

If  the  period  of  precession  were  20,000  years,  the  amplitude 
remaining  the  same,  the  time  of  the  ice-front  in  the  five-mile 
belt  would  be  doubled,  or  5400  years.  On  the  other  hand,  if 
the  period  were  5000  years  the  time  in  the  five-mile  moraine 
belt  would  be  1350  years,  and  in  the  three-mile  belt  1037  years. 

The  character  of  the  moraine  would  also  be  affected  by  the 
amplitude  of  the  oscillation,  the  period  remaining  the  same. 
The  amplitude  would  necessarily  vary  greatly  in  different  places, 
the  chief  determining  condition  being  the  character  of  the  land 
relief  and  the  relation  of  the  ice  to  it.  Against  a  steep  slope 
towards  the  ice  the  oscillation  would  be  greatly  reduced  and 
the  moraines  would  be  closely  packed  together,  as  is  seen  in 
interlobate  areas.  In  wide  flat  areas,  like  the  Saint  Clair-Detroit 
and   Maumee  valleys,  the  amplitude  would  be  at  its  greatest. 
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The  general  application  of  this  idea  to  the  oscillations  that  took 
place  is  plain  on  a  comparison  of  the  course  of  any  two  contig- 
uous moraines  of  the  series  from  their  apexes  in  the  center  of 
the  valley  to  their  turning  point  in  the  interlobate.  The  Fort 
Wayne  and  Defiance  moraines  are  nearly  fifty  miles  apart  at 
their  apexes,  but  they  converge  as  they  rise  toward  the  north- 
east until  they  are  only  eight  or  ten  miles  apart  a  few  miles 
beyond  Adrian.  On  this  basis  it  would  be  expected,  further, 
that  the  moraines  themselves  would  be  comparatively  wide  and 
flat  where  the  amplitude  of  oscillation  was  great  and  vice  versa 
Here  again  there  is  some  evidence  of  agreement  of  fact  with 
theory.  With  the  period  of  oscillation  at  10,000  years  and  the 
amplitude  at  100  miles,  which  appears  to  have  been  its  approx- 
imate measure  after  passing  Fort  Wayne,  the  five-mile  moraine 
belt  would  be  occupied  by  the  ice-front  about  1345  years,  and 
a  ten-mile  belt  about  1920  years. 

THE    CHARACTER    OF    THE    GLACIAL    OSCILLATIONS  AS    REVEALED    BY 

THE    DRIFT. 

Assuming  that  the  moraine  series  was  produced  by  a  climate 
oscillation  it  becomes  a  matter  of  the  highest  importance  to 
discover  if  possible  what  the  character  of  that  oscillation  was 
Did  the  ice-front  merely  retreat  and  halt  in  the  simplest  possi- 
ble rhythmic  fashion,  or  did  it  follow  a  more  complicated  move- 
ment of  alternate  retreats  and  readvances  with  halts  between  ? 
It  would  be  expected  that  the  way  in  which  it  was  built  would 
make  some  difference  in  the  form  or  shape  of  a  moraine.  If 
the  moraines  took  any  dominant  or  common  form,  and  if  that 
shape  corresponded  to  one  that  would  result  theoretically  from 
some  particular  process,  it  would  be  fair  to  presume  that  that 
had  been  the  method  of  their  building. 

At  a  first  glance  it  would  appear  that  the  moraines  show  no 
recurrent  features  that  are  particularly  suggestive  in  this  respect, 
and  it  must  be  admitted  that  many  of  them,  perhaps  the  major- 
ity, do  not.  At  least  they  do  not  show  such  features  clearly 
enough   to   be  readily  recognized.     But  there  are  some  of  the 
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moraines  that  do  show  a  marked  tendency  to  take  a  particular 
form,  and  it  is  upon  these  that  we  must  rely. 

Here  again  it  is  necessary  to  recur  to  the  law  of  the  higher 
value  of  the  simplest  phenomena  as  a  basis  of  interpretation 
when  compared  with  those  that  are  more  complex.  If  in  the 
present  state  of  our  knowledge  we  go  to  the  compounded 
moraines  of  interlobate  areas,  or  to  the  more  or  less  obscure 
moraines  of  the  mountains  or  hilly  eastern  states,  it  will  be 
found  very  difficult  to  reach  any  satisfactory  conclusion.  But 
some  of  the  moraines  of  northern  Indiana,  northwestern  Ohio, 
and  southeastern  Michigan  present  the  utmost  simplicity  of  form, 
and  were  built  under  the  operation  of  forces  acting  in  the  freest 
and  simplest  way  possible.  Upon  these  moraines,  and  especially 
upon  those  of  them  that  seem  to  be  most  typical  in  their  sim- 
plicity, I  rely  mainly  for  the  conclusions  reached. 

The  moraines  of  northeastern  Indiana  have  been  studied  in 
detail  by  Professor  C.  R.  Dryer,  from  whose  report  I  quote  as 
follows : 

The  peculiar  topography  of  the  Wabash-Erie  region  in  Indiana  would  be 
strikingly  shown  by  a  section  along  any  line  radiating  southwesterly  or 
northwesterly  from  Paulding,  Ohio.  Such  a  line  would  run  nearly  level 
across  the  Maumee  Lake  bottom  to  the  Van  Wert  and  Hicksville  Ridge,  then 
rise  80  to  100  feet  in  four  or  five  miles  to  the  crest  of  the  St.  Marys  and  St. 
Joseph  moraine,  then  fall  fifty  feet  in  about  one  mile,  then  cross  a  level  inter- 
val of  from  one  to  ten  miles,  then  show  a  second  gradual  rise  and  more 
abrupt  fall,  across  the  Wabash-Aboite  moraine,  and  the  second  terrace  aver- 
aging about  sixty  feet  higher  than  the  first.  In  the  southern  portion  two  more 
terraces  lie  beyond  the  Wabash  Ridge.' 

'Sixteenth  Ann.  Report  of  Indiana  State  Geologist,  1888,  p.  123. 

My  attention  was  first  called  to  the  remarkable  series  of  terminal  moraines  in 
northeastern  Indiana  and  northwestern  Ohio  by  the  work  of  Professor  Charles  K. 
Dryer  in  the  summer  of  1886.  As  assistant  to  the  state  geologist,  Professor  Dryer 
was  at  that  time  making  a  survey  of  the  northeastern  counties  of  Indiana.  Some 
acquaintance  with  the  features  of  eastern  Indiana  southward  as  far  as  southern  Ran- 
dolph county  and  also  with  the  region  around  Saginaw  Bay  in  Michigan  led  me  to 
extend  the  series  provisionally,  recognizing  its  probable  incompleteness,  to  those 
regions.  The  idea  that  these  moraines  might  mark  precessional  variations  of  climate 
was  adopted  by  me  then  as  a  tentative  hypothesis.  The  drift  of  opinion  since  then 
among  American  geologists,  however,  has   been  largely  against  anything  like  so 
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This  is  distinctly  the  character  that  should  be  expected  in 
moraines  built  at  a  climax  of  advance  in  which  the  advance,  the 
halt  and  the  subsequent  retreat  take  place  after  the  manner  of 
the  cold  climax  of  an  oscillation  like  that  shown  at  A  in  Fig.  i 
above.  The  crest  of  the  ridge  is  toward  the  front  edge,  the  back 
slope  is  long  and  gentle,  while  the  front  slope  is  shorter  and 
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Fig.  2.     Profile  of  Defiance  Moraine. 


Steeper.     This  type  of  moraine  is  well  illustrated  in  cross  section 
by  the   profile  of    the  Wabash   Railway  as  it  passes  over  the 
Defiance  moraine  east  of  that  place.     This  is  shown  in  Fig.  2. 
As  shown  on  this  profile  the  crest  of  the  moraine  rises  above 

liberal  an  allowance  of  time  for  the  glacial  retreat  as  this  hypothesis  would  seem  to 
require.  Moreover  the  moraine  series  remained  fragmentary  and  incomplete  until  a 
year  or  so  ago,  so  that  there  was  not  a  sufficient  foundation  of  fact  to  warrant  the 
presentation  of  the  idea.  Nor  had  the  remarkable  Greenland  explorations  of  Cham- 
berlin,  Salisbury,  and  others  furnished  the  present  strong  foundation  for  the  idea  of 
slow  motion  of  ice-sheets  and  slow  transportation  and  deposition  of  drift.  Without 
adopting  the  idea  of  precession  as  a  cause,  Professor  Dryer  fully  recognized  the  gen- 
eral significance  of  the  moraines,  as  the  following  words  from  his  report  show.  After 
speaking  of  the  possibility  that  each  moraine  marks  the  culmination  of  a  separate 
glacial  epoch,  he  says :  '*  It  seems  more  probable,  however,  that  they  are  moraines  of 
recession  and  mark  halting  places  in  the  retreat  of  one  and  the  same  ice  lobe.  When 
their  uniformity  of  mass,  strict  parallelism  and  occurrence  at  regular  intervals  are 
taken  into  account,  the  whole  arrangement  will  perhaps  prove  to  be  unique  among 
the  glacial  phenomena  of  North  America.  Their  greatest  importance  lies  in  the 
evidence  which  they  afford  of  regular  periodical  oscillations  of  climate.  The  outer 
edge  of  the  ice  lobe  occupied  a  certain  position  long  enough  to  form  a  moraine  five 
miles  wide  and  1 00  feet  high;  it  then  fell  back  fifteen  miles  and  occupied  another 
line  long  enough  to  form  a  similar  moraine.  These  alternating  halts  and  retreats 
w^re  repeated  four  or  five  times,  the  last  retreat  being  thirty  [fifty  ?]  miles,  and  the 
last  moraine,  the  Blanchard  Ridge  of  Winchell,  being  smaller  and  less  symmetrical  ** 
(p.  124). 
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its  base  somewhat  more  than  forty  feet,  but  the  real  crest  is 
somewhat  higher  than  the  railroad  track.  The  front  or  western 
slope  is  about  two  and  a  half  miles  long  and  the  eastern  or  back 
slope  about  seven  miles.  It  has  been  suggested  that  the 
moraines  that  show  this  form  owe  their  steeper  front  slopes  to 
the  action  of  marginal  glacial  rivers  which  have  carried  off  the 
deposit  on  that  side.  No  doubt  there  was  a  slight  influence  of 
this  kind  in  some  cases,  but  there  certainly  was  none  in  the  case 
of  the  Defiance  moraine,  for  it  was  laid  down  in  about  sixty  feet 
of  still  water  (glacial  Lake  Maumee)  and  there  was  no  chance 
for  a  stream  to  act  until  the  ice-front  had  retreated  beyond 
Detroit  nearly  to  Port  Huron.  While  the  Leipsic  beach  was 
being  made  the  water  still  stood  about  thirty  feet  deep  at 
Defiance,  and  it  was  only  when  it  fell  to  the  level  of  Lake  Whit- 
tlesey (Belmore  beach)  that  marginal  rivers  began  to  exist.  The 
depression  shown  at  Defiance  in  the  profile  is  the  bed  of  the 
Maumee  River  which  began  to  flow  at  the  same  time.  But  the 
Maumee  is  a  much  larger  stream  than  Tiffin  or  Bean  Creek  that 
comes  in  from  the  north  along  the  moraine  front,  or  the  Auglaise 
River,  which  comes  in  from  the  south  in  the  same  relation. 
Formed  under  such  circumstances  it  is  obvious  that  the  Defiance 
moraine  was  originally  shaped  in  the  building  as  we  find  it  now, 
and  does  not  owe  its  form  to  the  action  of  a  border  river.  Part 
of  the  Saginaw  moraine,  between  Ubly  and  Cass  City  was  prob- 
ably steepened  by  the  large  rapid  outlet  river  which  flowed  along 
its  front,  but  apparently  none  of  the  other  moraines  of.  this  type 
were  notably  affected  in  this  way.  The  rest  of  the  Saginaw 
moraine  is  a  fine  specimen  of  the  type  here  referred  to.* 

This  character  of  the  moraines,  however,  is  not  confined  to 
the  particular  tri-state  area  mentioned  above.  The  same  general 
type  is  only  a  little  less  distinctly  developed  in  several  other 
places,   and   is  recognized   by  other   observers.     Mr.  Leverett, 

'Some  account  of  Lake  Whittlesey  and  the  Saginaw  and  Port  Huron  moraines 
with  brief  mention  also  of  the  Toledo  and  Detroit  moraines  may  be  found  in  *'  Cor- 
relation of  Erie-Huron  Beaches  with  Outlets  and  Moraines  in  Southeastern  Michigan," 
Bull.  G.  S.  A.,  Vol.  VHI,  1897,  pp.  31-58.  Also  "Glacial  Succession  in  Eastern 
Michigan,'*  abstract  in  Am.  Geol.,  Oct.  1896,  p.  234. 
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speaking  of  the  glacial  drift  of  the  northeastern  third  of  Illinois, 
says  : 

In  the  portion  of  the  state  covered  by  the  newer  drift  there  is  a  succession 
of  morainic  ridges  formed  by  the  ice-sheet  during  its  retreat  from  the  Shelby- 
ville  moraine.  These  ridges  are  separated  by  drift  plains  or  basins  from  a  mile 
or  two  up  to  thirty  or  forty  miles  in  width.  These  plains  usually  show  a 
gradual  rise  on  their  landward  (west  and  south)  borders,  while  on  the  iceward 
borders  (toward  the  Lake  Michigan  basin)  they  are  found  to  rise  abruptly  to 
a  moraine.  The  streams  which  now  drain  this  region  naturally  choose  the 
axes  of  these  basins  for  their  main  channels  while  the  slopes  carry  the  trib- 
utaries. It  is  the  long  slopes  on  the  west  and  south,  and  the  short  slopes  on 
the  opposite  side  which  have  caused  the  tributaries  of  the  streams  to  be 
mainly  from  the  west  and  south.' 

It  will  be  noted  that  Mr.  Leverett  speaks  of  the  slopes  of  the 

plains  rather  than   of  the  moraines.     Each   moraine,  however, 

may  be  regarded  in  some  sense  as  the  projecting  upward  edge 

of  the  gently  inclined   plain  that   merges  with   its  back  slope. 

Professor   Todd    notes   this   relation   in   his   description   of  the 

moraines  of  Dakota  where  he  says  : 

It  is  assumed  that  the  reader  is  familiar  with  the  generally  recognized 
features  of  drift  formations,  such  as  the  undulating  topography  and  the  series 
of  drift  deposits,  covering  an  area  with  successive  layers  of  till  in  a  manner 
which  might  be  compared  to  a  nest  of  spoons  of  assorted  sizes,  the  smaller 
lying  inside  the  larger.  Of  these  spoon-shaped  deposits,  the  moraines  form 
the  outer  rims.* 

It  is  very  gratifying  to  be  able  to  add  to  the  weight  of  the 
foregoing  opinions  that  of  Professor  Chamberlin,  whose  study  of 
glacial  problems  has  been  close  and  prolonged,  and  whose 
experience  in  observation  is  probably  wider  than  that  of  any 
other  one  man.  It  is  hardly  less  than  remarkable  that  his  views  of 
the  glacial  retreat  should  accord  so  closely  with  the  requirements 
of  the  hypothesis  here  presented. 

But  so  far  as  known   to  the  writer  this   manner  of  glacial 

» *'  The  Water  Resources  of  Illinois,"  by  Frank  Leverett.     Extract  from  17th 
Ann.  Rep.  U.  S.  Geol.  Surv.,   1895-6,  p.  13.     Also  in  "Pleistocene   Features  and 
Deposits  of  the  Chicago  Area,"  Chicago  Academy  of  Science,  Bull.  No.  II,  May  1897 
p.  17. 

^"  The  Moraines  of  the  Missouri  Coteau  and  their  Attendant  Deposits,"  by  James 
K.  Todd,  Hull.  U.  S.  Geol.  Sur.  No.  144,  1896,  p.  1 1. 
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retreat  has  not  been  associated  by  Professor  Chamberlin  with  the 
causes  here  suggested.  According  to  his  view  the  drift  of  each 
main  ice  invasion  was  laid  down  in  imbricate  fashion ;  that  is, 
there  was  a  continual  oscillation  with  moderate  readvances  as  the 
general  retreat  progressed,  so  that  the  drift  was  laid  down  in 
successive  overlapping  sheets  somewhat  like  the  weatherboards 
on  a  frame  house,  or  the  shingle  rows  on  a  roof.  In  Geikie's 
Great  Ice  Age,  under  **The  Imbrication  of  the  Drift  Series,' 
beginning  on  page  736,  his  views  are  given  as  follows : 

The  drift  deposits  of  the  great  plain  region  of  North  America  may  be 
looked  upon  as  a  series  of  sheets  overlapping  each  other  in  imbricate  fashion; 
the  outermost  disappearing  beneath  the  next  inner,  and  this,  in  turn,  dipping 
beneath  the  succeeding,  and  so  on.  The  outer  uncovered  zone  of  each  sheet 
retains  its  original  form,  except  as  modified  by  superficial  agencies,  but  the 
inner  buried  zone  was  much  modified  by  the  over-riding  ice  during  the  later 
advances.  In  a  general  view  of  the  drift,  it  is  important  to  grasp  clearly  this 
conception  of  the  overlapping  of  the  sheets,  and  to  distinguish  this  imbricate 
structure  from  the  simple  stratigraphical  superposition  of  marine  sediments 
on  the  one  hand,  and  of  simple  morainic  corrugations  following  each  other 
in  concentric  recessional  lines  on  the  other.  It  is,  furthermore,  important  to 
observe  that  this  is  only  a  superficial  conception  of  the  drift  series.  Theoret- 
ically, there  are  at  least  two  of  these  imbricate  series  for  every  period  of  gla- 
ciation,  and  the  order  of  imbrication  takes  on  opposite  phases.  During  the 
first  part  of  the  glaciation,  when  the  ice  on  the  whole  was  extending,  though 
by  alternate  advances  and  retreats,  the  later  were  generally  greater  than  the 
earlier  advances.  During  the  succeeding  stage,  however,  when  the  ice  was, 
on  the  whole,  retiring  (though  by  oscillations)  the  later  advances  generally 
fell  short  of  the  earlier.  In  the  case  of  the  lower  or  older  series  of  glacial 
accumulations,  therefore,  the  later  deposits  generally  reach  farther  south  than 
the  earlier  ones,  whereas,  during  the  recessional  stages  of  glaciation,  the 
earlier  sheets  extend  farther  south  than  the  later.  These  two  imbricate  series 
of  sheets  of  contrasted  order  represent  the  two  great  halves  of  a  period  of 
glaciation.  If  there  were  two  or  more  entirely  distinct  periods  of  glaciation 
theoretically  the  double  imbricate  series  repeated  itself  accordingly.  .  .  . 

There  is  one  other  class  of  facts  that  may  ultimately  be 
added  to  the  proof  of  readvances  in  the  oscillations.  Bowlder 
belts,  at  least  in  certain  situations,  are  believed  to  indicate  read- 
vances. Respecting  the  source  of  the  bowlders  themselves  it 
seems  safe  to  say  that  ninety-nine  out  of  every  one  hundred  in 
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western  Ohio,  in  Indiana,  and  Illinois  are  of  Canadian  origin, 
and  nearly  all  are  of  the  hardest  crystalline  varieties.  Consid- 
ering the  dominant  englacial  mode  of  transportation,  the  contin- 
ual and  very  complicated  changes  in  the  direction  of  glacial 
flow  and  the  dispersion  from  the  lobate  axes,  it  becomes 
extremely  difficult,  if  not  altogether  impossible,  to  account  for  the 
bowlder  belts  except  by  the  intervention  of  some  later  agency 
of  bowlder  concentration  —  some  agency  that  operated  near 
where  the  bowlder  belts  are  now  found.  It  seems  impossible 
that  any  marked  bowlder  belt  could  have  been  brought  all  the 
way  from  Canada  with  the  bowlders  in  such  close  relationship  as 
that  in  which  they  now  lie.  Some  of  the  bowlder  belts  of 
southwestern  Ohio,  southeastern  and  western  Indiana  are  very 
pronounced  in  their  development.  It  is  conceivable  that  they 
might  have  been  formed  by  the  marginal  concentration  of  super- 
glacial  or  englacial  bowlder  trains,  but  it  is  hard  to  think  of 
those  trains  as  coming  directly  all  the  way  from  Canada.'  The 
distribution  of  bowlder  belts  is  peculiar  and  indicates  that 
the  conditions  of  their  production  are  exceptional.  One 
moraine  may  show  a  well-formed  bowlder  belt,  while  its  neigh- 
bors parallel  with  it  in  front  and  behind  have  none.  The  diverse 
composition  of  the  bowlders  seems  also  to  be  against  the  idea 
of  concentrated  bowlder  trains.  In  short,  it  would  seem  that  we 
must  look  much  nearer  than  Canada  for  the  cause  of  their  very 
local  concentration.  The  only  local  cause  that  seems  available 
grows  out  of  the  relation  of  the  readvancing  ice-front  to  power- 
ful lines  of  drainage  at  or  near  the  edge  of  the  ice.  If,  during 
the  building  of  a  terminal  moraine,  a  powerful  stream  of  water 
sweeps  past  the  front  of  the  ice  so  as  to  carry  away  the  finer 
material  the  bowlders  may  be  left  on  the  surface  in  greater  num 
bers  than  usual.  Several  of  the  well-known  abandoned  outlets 
have  more  or  less  of  this  appearance.  But  where  this  is  the 
whole  process  the  bowlders  remain  in  a  low  position  with  respect 
to  the  surrounding  lands.     If,  however,  a  readvance  of  the  ice 

»**  Bowlder  Belts  Distinguished  from  Bowlder  Trains  —  their  Origin  and  Signifi- 
cance," by  T.  C.  CiiAMBKRLiN.     Bull.  G.  S.  A.,  Vol.  I,  1890,  pp.  27-31. 
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takes  place  the  bowlders  in  the  channel  may  be  gathered  up  and 
transported  some  distance  and  finally  be  deposited  on  or  in  a 
rugged  hilly  moraine  even  to  its  topmost  parts.  In  being  car- 
ried forward  the  bowlders  may  be  more  or  less  dispersed,  or 
they  may  be  concentrated,  or  neither  of  these  effects  may  appear 
In  each  case  it  depends   mainly  upon  the  relation  of  the  river 
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channel  to  the  d  rect  on  of  ce  mo  on  If  the  channel  were 
stra  ght  and  also  normal  to  the  ce  f  ont  the  read  anc  ng  ce 
would  carry  the  bowlders  all  forward  down  the  channel  and  con- 
centrate them  in  a  pile  where  it  stopped.  If  the  channel  lay 
athwart  a  pointed  ice-tongue  and  close  in  front  of  it,  the  read- 
vance  would  disperse  the  bowlders  somewhat.  There  is  a  bowl- 
der belt  in  Whitley  and  Huntington  counties,  Indiana,  which 
may  be  due  to  partial  concentration  by  a  readvance  diagonally 
across  the  bed  of  a  great  river  corresponding  to  the  stream  that 
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afterwards  existed  as  the  outlet  of  the  glacial  Maumee  lake. 
The  accompanying  sketch  map  shows  the  relation.  Dryer  and 
Leverett  show  this  belt  on  their  maps.' 

The  disposition  of  this  belt  seems  to  show  that  the  ice-front 
had  retreated  at  least  to  Fort  Wayne  from  the  moraine  next 
west  of  the  bowlder  belt  in  Whitley  county,  and  halted  while 
the  large  river  excavated  a  channel  about  where  the  present  old 
outlet  bed  is  between  Fort  Wayne  and  Huntingdon.  Then  by  a 
readvance  the  bowlders  which  had  been  left  in  this  bed  were  car- 
ried forward  by  the  ice,  which  moved  in  a  direction  normal  to 
the  ice-front,  but  diagonally  across  the  river  bed,  and  deposited 
them  in  the  Whitley  morainic  bowlder  belt.  If  this  took  place, 
then  it  is  plain  that  the  ice-front  had  retreated  to  Fort  Wayne 
and  that  it  readvanced  over  more  than  half  the  space  it  had  just 
uncovered  at  the  preceding  retreat  which  was,  therefore,  not  less 
than  thirty  miles.* 

This  interpretation  of  the  Whitley  belt  is  not  yet  a  sure 
inference,  for  further  and  more  particular  investigation  will  be 
required  to  fully  verify  or  disprove  it.  The  Montgomery-Ben- 
ton county  belts  seem  to  be  somewhat  similarly  related  to  a 
readvance  over  a  part  of  the  Wabash  River  bed,  and  pos- 
sibly to  a  former  river  bed  about  where  Wild  Cat  Creek  is 
now,  and  the  Iroquois  belt  may  have  had  a  similar  relation  to 
the  Tippecanoe  River  or  to  a  glacial  river  that  crossed  from  the 
Kankakee  to  the  Wabash  farther  west,  but  was  obliterated  by 
the  readvance. 

'Drykr  in  i8th  Report  of  Indiana  State  Geologist,  1894,  p.  84.  Leverett  In 
the  "  Inland  Educator  "  (Terre  Haute,  Ind.),  for  August  1896,  opposite  p.  24.  Dryer 
shows  only  that  part  of  the  bowlder  belt  which  lies  in  Whitley  county ;  Leverett 
shows  it  extending  on  southward  nearly  to  Huntington.  The  accompanying  sketch  is 
compiled  from  their  maps. 

*  The  range  or  amplitude  of  oscillation  may  have  been  considerably  more  than 
thirty  miles.  Indeed,  after  the  ice-front  left.  Fort  Wayne  it  must  have  been  greater, 
for  the  four  intervals  from  this  place  to  Port  Huron  are  almost  exactly  fifty  miles  each. 
The  amplitude  of  oscillation  was  probably  twice  this  or  a  little  more —  loo  miles  or 
over  —  if  the  Whitlev  bowlder  belt  can  be  relied  upon  to  indicate  a  readvance  from 
Fort  Wayne.  The  probable  cause  of  the  difference  in  amplitude  east  and  west  of 
Fort  Wayne  will  be  discussed  later  on. 
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On  the  whole,  the  character  of  the  oscillation  as  one  that 
was  always  accompanied  by  a  readvance  after  recession  seems 
to  be  well  established  by  several  different  lines  of  evidence  and 
by  several  of  the  most  experienced  observers. 

THE    PROBABLE    RATE    OF    ICE-SHEET    MOTION. 

The  great  ice-cap  of  Greenland  bears  a  closer  analogy  to  our 
own  Pleistocene  ice-sheet  than  any  other  ice  mass  yet  studied. 
The  observations  of  Peary,  Chamberlin,  Salisbury,  and  others 
throw  no  uncertain  light  on  the  problems  of  ice-sheet  motion  as 
there  exhibited.     On  this  point  Professor  Chamberlin  says  : 

Lieutenant  Peary  has  commenced  a  series  of  observations  upon  the 
movements  of  glaciers  of  the  Inglefield  Gulf  region,  both  by  instruments  and 
by  photographs  taken  at  intervals.  He  found  the  daily  movement  of  the 
Bowdoin  glacier,  the  most  active  in  the  immediate  vicinity  of  his  headquar- 
ters, during  the  month  of  July  to  be  four-tenths  of  a  foot  at  the  slowest  point, 
and  2.78  feet  at  the  fastest  point,  near  the  center,  with  an  average  of  1.89 
for  the  whole.' 

The  movement  of  the  majority  of  the  glaciers  in  that  region  is  very 
much  slower ;  indeed,  in  most  cases  it  is  obviously  exceedingly  slow.  Many 
of  the  ordinary  signs  of  movement  are  absent.  In  front  of  the  Fan  glacier 
there  are  cones  of  granular  ice  brought  down  by  the  surface  streams,  and 
also  embankments  of  old  snow,  soiled,  granulated,  and  half  solidified  into 
ice,  as  though  at  least  a  year  old,  all  of  which  lie  banked  against  the  ter- 
minal face  of  the  glacier  without  any  indication  of  movement  on  its  part 
since  their  formation.  As  these  lean  against  the  face  to  heights  of  thirty  or 
forty  feet  at  least,  it  is  obvious  that  there  had  been  no  melting  of  the  base  of 
the  extremity  to  counteract  the  effects  of  advance.  Phenomena  of  similar 
import  were  observed  in  several  other  glaciers.  The  very  firm  impression 
was  given  by  such  physical  signs  that  the  average  rate  of  movement  of  the 
glaciers  of  the  region  is  very  slow.  At  the  head  of  the  gulf  are  a  few 
glaciers  which  produce  large  icebergs  and  which  must  be  notable  exceptions 
to  the  prevailing  slowness  of  motion.* 

'According  to  Professor  Chamberlin  (Jour.  Geol.,  Vol.  V,  No.  3,  1897,  PP*  229- 
232),  the  Bowdoin  glacier  is  six  or  eight  miles  long,  about  two  miles  wide  in  its  lower 
part  and  descends  between  2000  and  3000  feet.  After  its  separation  from  the  ice-cap 
by  a  somewhat  steep  fall,  the  Bowdoin  glacier  becomes  essentially  Alpine  in  type. 
Hence  it  does  not  furnish  a  criterion  that  can  be  applied  to  the  ice-cap  itself.  Slow 
as  is  the  advance  of  the  Bowdoin  glacier,  it  is  probably  much  faster  than  that  of  the 
edge  of  the  main  ice -cap. 

'  Recent  Studies  in  Greenland,  Bull.  G.  S.  A.,  Vol.  VI,  1895,  pp.  216-217. 
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Again,  discussing  glacial  motion  more  broadly,  Professor 
Chamberlin  says,  referring  to  Greenland : 

No  average  measurements,  nor  anything  approaching  to  average  meas- 
urements, have  been  made.  The  high  rates  of  movement  of  the  Jacobshaven 
glacier,  as  given  by  Helland,  and  of  the  Great  Karajak  glacier,  as  given  by 
Drygalski,  and  other  similar  measurements,  are  not  at  all  questioned,  but 
these  are  quite  exceptional,  and  almost  as  far  as  possible  from  being  repre- 
sentative. They  exhibit  extraordinary  movements  through  deep  constricted 
straits,  where  the  ice  is  forced  by  the  vast  accumulations  of  great  areas  in 
the  rear,  and  where  the  warm  season  appears  to  exert  its  earliest  and  great- 
est effects.  The  amount  of  ice  discharged  in  the  form  of  bergs  from  these 
two  glaciers  is  very  much  greater  than  from  any  other  known  points  on  the 
ice-front  of  Greenland.  It  is  perfectly  obvious  that  the  average  border  of 
the  Greenland  ice-sheet  does  not  move  at  a  rate  even  distantly  approximat- 
ing that  of  these  two  straits.  If  it  did  so,  the  whole  coast  of  Greenland  must 
be  overwhelmed  almost  immediately,  because  the  competency  of  the  summer 
heat  of  that  region  to  hold  back  the  edge  of  the  ice  by  melting  is  very 
slight.  Drygalski  estimated  the  annual  surface  melting  at  seven  feet.  Even 
this  is  much  greater  than  the  annual  surface  melting  of  the  Inglefield  Gulf 
region,  judged  by  that  of  1894.  While  estimates  are  few,  and  even  these 
may  need  much  qualification,  it  is  nevertheless  certain  that  the  average 
movement  of  that  portion  of  the  border  of  the  Greenland  ice-cap  which  lies 
upon  the  land  is  extremely  small.  Of  that  portion  which  ends  in  the  sea 
only  a  small  fraction  has  a  high  rate  of  motion,  as  is  shown  by  the  lack  of 
activity  in  the  discharge  of  icebergs.  When  it  is  considered  that  the  land 
border  is  very  much  greater  than  the  sea  border,  and  that  of  the  sea  border 
a  portion  has  a  relatively  slow  movement,  it  will  be  evident  that  the  average 
rate  of  movement  for  the  border  of  the  great  ice-sheet  of  Greenland  cannot 
be  high ;  and  the  average  rate  of  this  border  is  the  nearest  available 
analogue  to  the  border  movement  of  the  still  more  extended  periphery  of 
the  ancient  American  or  Laurentidc  glacier.' 

There  can  hardly  be  a  doubt  of  the  great  value  of  the  Green- 
land observations  in  their  bearing  on  the  conditions  attending 
the  Laurentide  glacier  that  invaded  the  United  States.  It  will 
be  observed  that  most  of  the  measured  rates  of  motion  reported 
by  Peary,  Chamberlin,  and  Salisbury  are  of  ice  tongues  flowing 
out  a   few  miles   from   the   main  cap  down    valleys   generally 

•The  Glacial  Lake  Agassiz,  by  Warren  Upham.  Monograph  XXV,  U.  S. 
Gcol.  Survey,  1896.  Topic  entitled  "Alternative  Interpretations,"  by  T.  C.  Cham- 
berlin, pp.  248-249. 
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steep.  None  of  the  measurements  are  of  a  broad  lobate  front 
such  as  any  one  of  our  great  lobes  presented  south  of  the  lake 
basins.  One  would  expect  the  rate  of  motion  to  be  still  slower 
where  it  was  evenly  distributed  along  a  broad  front. 

There  is  another  character  of  the  borders  of  the  Greenland 
ice  that  is  a  valuable  aid  in  interpreting  rates  of  motion.  In  all 
glaciers  that  move  at  a  relatively  rapid  rate,  as  is  the  case  with 
most  Alpine,  and  fiord,  or  berg-producing  tongues,  the  ice  is 
cracked  and  broken  deeply,  and  shows  a  rough,  tempestuous 
surface  with  crevasses  more  or  less  numerous  and  deep.  Slowly 
moving  glaciers  do  not  show  much  of  this  character,  but  are 
comparatively  solid  and  smooth  down  to  their  ends,  and  this  is 
the  character  of  nearly  all  the  glaciers  that  end  on  land  as 
described  and  shown  in  photographic  illustrations  by  Chamber- 
lin  and  Salisbury.* 

There  is  a  circumstance  connected  with  some  of  the  moraines 
in  the  Cincinnati-Mackinac  series  which  seems  to  leave  little 
doubt  of  the  slow  motion  in  the  great  ice-lobes  that  made  them. 
According  to  Professor  Dryer  the  front  of  the  Erie  ice-lobe  at 
Defiance,  Ohio,  stood  in  about  sixty  feet  of  water,  that  being 
the  deepest  point  of  Maumce  Lake.  But  since  the  recent  rec- 
ognition of  the  low,  faint,  water-laid  moraines  it  is  found  that 
the  front  of  the  ice  halted  successively  at  Toledo,  Detroit,  and 
Port  Huron,  in  each  case  standing  in  about  200  feet  of  water. 
The  points  mentioned  mark  the  apex  of  the  lobe  at  each  halt, 
and  the  place  of  the  water-laid  moraines  and  their  land-laid 
extensions  seem  to  show  that  the  icie  fitted  itself  to  the  valley 
relief  in  each  case  almost  as  perfectly  as  it  would  have  done  if 
the  water  had  not  been  present.  This  fact  throws  much  valu- 
able light  on  the  condition  of  the  ice  when  it  stood  in  these 
positions.     Baldwin,   Upham,  and  others   have   supposed  from 

'Glacial  Studies  in  Greenland,  by  T.C.  Chamberlin,  Jour.  Geol.,  Vol.  II,  Nos.  7 
and  8,  1894 ;  Vol.  Ill,  Nos.  i,  2,  4,  5,  6,  and  7,  1895  ;  Vol.  IV,  No.  5,  1896.  Recent 
Glacial  Studies  in  Greenland,  Bull.  G.  S.  A.,  Vol.  VI,  1895. 

The  Greenland  Expedition  of  1895,  by  R.  D.  Salisbury,  Jour.  Geol.,  Vol.  Ill, 
No.  8,  1895 ;  Salient  Points  Concerning  the  Glacial  Geology  of  North  Greenland, 
Jour.  Geol.,  Vol.  IV,  No.  7,  1896. 
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certain  evidence  they  have  adduced  that  lobes  ending  in  glacial 
lakes  broke  up  like  calving  fiord  tongues  and  floated  away  so 
rapidly  as  to  make  their  fronts  concave.'  Chamberlin  seems  to 
show  this  effect  by  two  moraines  in  the  basin  of  Lake  Agassiz 
on  his  map  in  Geikie's  Great  Ice  Age,  1894  (opposite  page  727). 
Whatever  the  facts  may  be  for  the  Lake  Agassiz  basin,  this  was 
certainly  not  the  case  with  the  Huron-Erie  lobe.  The  fact  that 
the  ice  was  able  to  keep  its  place  in  200  feet  of  water  almost  as 
though  no  water  were  present  shows  (i)  that  it  was  not  broken 
and  deeply  crevassed  into  loose  blocks  that  might  easily  float 
away,  but  was  comparatively  solid  and  compact,  proving  (2) 
that  its  motion  must  have  been  of  the  slow  order  rather  than 
of  the  rapid;  (3)  that  its  thickness  at  the  edge  as  it  then 
existed  must  have  been  considerably  more  than  200  feet,  prob- 
ably not  less  than  300  or  400  feet;  (4)  that  although  the  front 
must  have  been  undercut  and  broken  off  to  some  extent  by  wave 
action,  flotation,  and  melting  in  the  lake  water,  this  process  did 
not  become  a  factor  of  sufficient  importance  to  seriously 
disturb  the  line  of  the  ice-front  as  deternriined  by  land  relief 
alone.  The  Saginaw  lobe  shows  the  same  ability  to  conform  to 
the  land  relief  while  standing  in  water  at  the  Saginaw  moraine 
over  1 50  feet  deep.'  I  am  led  to  believe,  therefore,  tentatively, 
that  the  motion  of  the  ice-sheet  while  building  the  moraines  of 
recession  was  very  slow.  That  is,  it  was  so  slow  that  the  lobes 
as  they  crept  along  remained  essentially  solid  to  their  extreme 
edges. 

'Glacial  Lake  Agassiz,  Monograph,  by  Warren  Upham,  Plates  XVII  and  XIX. 
Pleistocene  History  of  the  Champlain  Valley,  by  S.  P.  Baldwin,  Am.  Geol.,  Vol.  XIII 
March  1894,  p.  181. 

'Nanscn,  in  his  "Farthest  North,"  Vol.  II,  p.  339,  describes  a  glacier-front  of 
this  kind  in  Franz  Josef  Land  in  the  following  terms:  "We  were  soon  underneath 
the  glacier,  and  had  to  lower  our  sail  and  paddle  westward  along  the  wall  of  ice, 
which  was  from  Bfty  to  sixty  feet  in  height,  and  on  which  a  landing  was  impossible. 
It  seemed  as  if  there  must  be  little  movement  in  this  glacier ;  the  water  had  eaten  its 
way  deep  underneath  it  at  the  foot,  and  there  was  no  noise  of  falling  fragments  or 
the  cracking  of  crevasses  to  be  heard,  as  there  generally  is  with  large  glaciers.  It  was 
also  (}uite  even  on  the  top,  and  no  crevasses  were  to  be  seen.  Up  the  entire  height 
of  the  wall  there  was  stratification,  which  was  unusually  marked.*' 
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There  are  some  writers  who  make  the  whole  period  of  gla- 
ciation  very  short.  Mr.  Upham  believes  that  Lake  Agassiz 
"endured  only  a  thousand  years  or  less,*'  and  he  allows  **only  a 
few  (perhaps  four  or  five)  thousand  years  "  for  the  entire  glacial 
retreat,  including  the  whole  Champlain  period  of  submergence 
and  most  of  the  later  reelevation  of  the  land.'  But  it  seems  to 
me  that  both  fact  and  theory  as  they  stand  today  clearly  incline 
toward  a  long  rather  than  a  short  time.' 

TRANSPORTATION    AND    DEPOSITION   OF    ENGLACIAL    DRIFT. 

If  we  turn  to  the  best  available  evidence  bearing  on  the 
manner  and  rate  of  drift  transportation  by  the  ice-sheet  we  meet 
with  facts  tending  to  the  same  general  conclusion,  viz.,  that 
the  building  of  the  moraines  was  a  very  slow  process.  The  rate 
of  glacial  motion  is  necessarily  a  function  of  the  rate  of  drift 
deposition.  If  it  is  sufficiently  clear  that  the  ice  motion  was  very 
slow  we  have  that  much  gained  towards  a  determination  of  the 
probable  rate  of  moraine  building.  The  other  function  is  the 
drift  load,  and  we  have  now  to  consider  what  evidence  can  be 
brought  to  bear  upon  it  and  also  what  theoretical  considerations 
indicate  as  the  probable  truth. 

Here  again  the  Greenland  ice-sheet  is  the  closest  available 
analogue  and  the  significance  of  its  indications  relating  to  drift 
load  and  deposition  are  well  set  forth  by  Professor  Chamberlin. 
On  these  points  he  writes  as  follows : 

That  considerable  debris  is  borne  in  the  basal  portion  of  the  ice  is  not 
questioned ;  indeed,  the  term,  *'  englacial  drift "  was  proposed  by  the  present 
writer  in  recognition  of  its  importance.     Our  best  evidence  of  the  amount 

>  **  View  of  the  Ice  age  as  two  Epochs,  the  Glacial  and  Champlain."  Proc.  A.  A. 
A.  S.,  Vol.  XLIV,  1895,  p.  144.  Also  Am.  Geol.,  XVI,  August  1895,  P*  '07-  I''»r 
duration  of  Lake  Agassiz  see  alsu  "Glacial  Lake  Agassiz,"  by  Warrkn  Upiiam. 
Monograph,  pp.  241-242. 

*  In  studying  the  history  of  such  a  glacier  as  the  Muir  of  Alaska  with  its  relatively 
rapid  advances  and  retreats  ("Glacier  Bay  and  its  Glaciers,"  by  H.  F.  Rkid,  i6th  Ann. 
Rept.  U.  S.  Geol.  Survey ;  map  opposite  page  454),  and  like  many  of  those  that  calve 
icebergs  in  Greenland,  it  must  be  remembered  that  the  conditions  of  their  motion  are 
not  at  all  like  those  of  an  ice-sheet  and  that  they  do  not  furnish  safe  criteria  for  inter- 
preting ice-sheet  motion. 
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and  distribution  of  this  is  derived  from  the  continental  glacier  of  Greenland. 
It  is  there  observed  that  debris  prevails  in  the  lower  $o  or  75  feet  of  the 
ice-sheet,  and  occasionally  reaches  up  to  100,  or  perhaps  even  150  feet.  The 
amount  of  this  debris,  if  it  were  let  down  directly  upon  the  glacier's  bottom  by 
melting  in  situ  without  concentration  by  the  forward  motion  of  the  ice,  would 
be  measured  by  a  very  few  feet,  or  by  a  fraction  of  a  foot.  The  forward 
motion  of  the  ice  concentrates  this  at  its  edge,  so  that  it  may  there  reach,  theo- 
retically, any  dimension,  entirely  without  regard  to  its  amount  in  any  given 
vertical  section  of  the  ice.  The  thickness  of  the  deposit  formed  from  the 
englacial  drift  is  quite  as  much  dependent  upon  the  length  of  time  during 
which  the  edge  of  the  ice  remains  at  one  line  as  upon  the  amount  of  drift 
which  the  ice  may  carry  in  any  given  vertical  section.  No  safe  inferences 
from  the  thickness  of  deposits  of  englacial  drift  can  therefore  be  drawn  with 
reference  to  the  amount  of  englacial  material  present  in  any  given  portion  of 
the  glacier.  If  the  ice  were  absolutely  stagnant  the  deposit  of  englacial  drift 
would  be  precisely  that  which  was  held  in  the  ice  above  the  point  of  deposit. 
If  there  was  any  forward  motion  of  the  ice  while  it  was  being  melted  away, 
there  would  necessarily  be  a  concentration.  If  there  be  one  foot  of  englacial 
ddbris  in  a  given  section  and  the  ice  moves  forward  40  feet  while  the  external 
heat  causes  a  retreat  of  i  foot,  the  englacial  deposit  should  be  40  feet  deep. 
The  thickness  of  the  englacial  drift  may  therefore  be  quite  as  much  an  expres- 
sion of  prolonged  time  as  of  a  large  content  of  dt^bris  within  the  ice. 

Referring  to  the  manner  in  which  the  englacial  debris  becomes 
at  length  exposed  and  deposited  Professor  Chamberlin,  contin- 
uing on  the  next  page,  says : 

Instead  of  rising  toward  the  surface  of  the  glacier,  it  is  believed,  on  the  basis 
of  observations  in  Greenland,  to  pursue  a  course  nearly  parallel  to  the  base, 
on  the  whole,  and  to  come  out  at  the  extremity  of  the  glacier.  To  some  slight 
extent  it  may  become  superglacial  by  ablation,  but  only  to  a  limited  degree.^ 

Again,  describing  more  specifically  the  phenomena  in  Green- 
land, Professor  Chamberlin  says : 

The  debris  belts  are  essentially  parallel  to  the  base  of  the  glacier.  They 
are  chiefly  confined  to  the  lower  50  or  75  feet;  sometimes  they  prevail  up  to 
100  feet  and  rarely  beyond.  I  think  150  feet  might  be  named  as  a  rather 
extreme  limit.  They  are  more  abundant  at  the  sides  of  the  lobes  than  at  the 
center,  a  fact  that  is  significant  in  indicating  the  introduction  of  a  notable 
part  of  the  ddbris  after  the  lobes  were  formed.  In  consonance  with  this  the 
debris  appears  to  be  most  abundant  in  the  glacier-lobes  which  descend  as 
cataracts  or  crowd  between  closely  hugging  cliffs.     If,  standing  in  front  of  a 

*  **  Glacial  Lake  Agassiz,"  Monograph,  pp.  249  and  250. 
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glacial  lobe,  the  dirt  bands  arc  traced,  many  will  be  found  disappearing  at  the 
cataracts,  or  the  embossments  of  the  bottom,  or  at  the  spurs  on  the  sides.* 

The  general  impression  produced  by  such  conclusions  as  these 
is  that  an  ice-sheet  probably  carries  somewhat  less  englacial  drift 
than  the  tongues  that,  like  those  of  Greenland  so  far  described, 
branch  off  from  the  main  sheet  and  descend  several  miles  and 
2000  or  3000  feet  down  ravines  or  constricted  valleys.  The 
tongues  certainly  have  better  opportunities  to  gather  debris  than 
the  bottom  layers  of  the  main  cap.  And  the  force  of  this 
impression  is  greatly  increased  when  we  think  of  an  ice-cap  that 
deployed  over  so  smooth  a  plain  as  did,  for  the  most  part,  the 
Laurentide  glacier  in  the  area  here  considered. 

Mr.  Upham  inclines  to  the  opinion  that  "englacial  drift  was 
carried  up  through  the  lower  quarter  or  third  part  of  the  ice- 
sheet,  where,  as  in  Manitoba,  it  was  probably  a  mile  thick."' 
But,  as  Professor  Chamberlin  has  said,  there  seems  to  be  no 
reason  to  suppose  that  the  thickness  of  the  bottom  debris- 
laden  layers  bears  a  fixed  ratio  to  the  total  thickness  of  the 
ice.  Indeed,  from  the  very  fact  that  the  upper  part  of  a  glacier 
moves  forward  faster  than  its  lower  layers,  it  follows  that  the 
bottom  layers  cannot  rise  beyond  a  very  limited  extent,  except 
by  overthrust  in  consequence  of  flow  over  high  points  or  emboss- 
ments that  project  upward  into  the  ice.  In  passing  over  high 
obstructions  high  englacial  drift  may  be  introduced.  But  the 
amount  of  such  drift  appears  to  be  really  insignificant,  and  it 
even  then  becomes  superglacial  only  after  it  has  moved  with  the 
ice  far  enough  forward  into  the  peripheral  zone  of  ablation 
to  have  had  all  the  ice  that  overlies  it  melted  off,  or  until  it 
reaches  the  very  edge  and  is  thrust  upward  over  a  moraine  or 
other  obstruction. 

Those  who  have  not  seen   glaciers   have   often  been  much 

»"  Recent  Glacial  Studies  in  Greenland,"  Bull.  G.  S.  A.,  Vol.  VI,  1895,  page  205. 
Contrast  with  these  ideas  the  opinion  of  Mr.  Upham,  where  he  says,  speaking  of  the 
great  Leaf  Hills  moraine  in  Minnesota,  that  "  perhaps  not  more  than  Bfty  or  even 
twenty-five  years  [were  occupied]  for  amassing  these  morainic  hills  100  to  350  feet 
high  on  a  belt  3  to  5  miles  wide  !  "  ("Glacial  Lake  Agassiz,"  Mon.,  p.  242). 

■"SublacustrincTill,"  W.  Upham,  Am.Geol.,  Vol.  XVII,  June  1896,  pp.  374-375- 
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deceived  as  to  the  amount  of  englacial  drift  by  the  highly 
deceptive  appearance  of  pictures  of  debris-laden,  melting  ice- 
tongues.  Chamberlin  and  Salisbury  both  draw  attention 
repeatedly  to  the  effect  of  the  spreading  of  fine  dirt  so  as  to 
blacken  the  whole  ice  wall.  When  small  streams  of  clear  water 
wash  this  away,  or  the  dark  surface  has  been  removed  with  a 
pick,  comparatively  clear  ice  is  seen  beneath,  and  yet  some  of 
these  layers  or  thin  laminae  which  they  contain,  may  be  the  very 
ones  that  were  supplying  the  blackening  material.  Large  masses 
of  englacial  drift  are  rare  and  their  forward  motion  is  extremely 
slow,  certainly  much  slower  than  that  of  the  clean  ice  above, 
except  where  they  occur,  still  more  rarely,  as  lenses  relatively 
high  up  in  the  glacier  so  as  to  have  a  considerable  thickness  of 
clear  ice  beneath  them.  In  short,  it  seems  to  be  shown  that 
englacial  drift  is  a  far  less  voluminous  constituent  of  ice-sheets 
than  has  been  supposed  by  many.  It  keeps  its  importance,  how- 
ever, as  almost  the  only  means  of  drift  transportation  by  conti- 
nental glaciers  like  that  which  invaded  the  United  States.  But 
except  under  peculiar  circumstances  the  amount  in  any  given 
section  of  ice  is  almost  insignificant.  When  all  the  circum- 
stances are  taken  into  account  it  seems  probable  that  the  load 
of  debris  is  as  great  or  greater  in  the  Greenland  tongues  than  it 
was  in  the  Laurentide  lobes  in  Ohio  and  Michigan.  The  coast 
of  Greenland  is  mountainous.  The  ice  flows  out  among  many 
nunataks  and  along  the  base  of  high  cliffs,  and  no  doubt  over- 
rides many  knobs  and  peaks  and  precipices  from  all  of  which 
it  gathers  material  in  such  a  way  as  favors  its  becoming  super- 
glacial  or  englacial.  Then,  too,  the  exceedingly  rough  country 
is  favorable  to  the  production  of  high  overthrusts  by  which  the 
bottom  layers  with  their  debris  may  assume  relatively  elevated 
positions  in  the  ice. 

When  the  ice-front  was  in  Ohio  or  Michigan  there  was  no 
chance  for  the  formation  of  lateral  moraines  from  cliff-fallings, 
nor  of  medial  moraines  from  the  detritus  of  nunataks.  At  that 
stage  of  glaciation  the  field  of  ice  stretched  away  to  the  north- 
northeast  without  a  break,  and  no  land  was  exposed  back  of  the 
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edge.  In  Canada  some  of  the  path  of  the  ice  was  rather  rough, 
but  not  in  any  sense  comparable  in  this  respect  with  most  of  the 
coast  of  Greenland,  and  it  was  all  deeply  overridden  at  the  time 
the  ice  reached  across  Lake  Huron  to  points  farther  south.  It 
follows  that  substantially  all  the  northern  drift  of  Michigan, 
Ohio,  Indiana  and  Illinois  was  carried  forward  from  Canada 
englacially.  But  the  larger  portion  of  the  drift  south  of  the 
lakes  is  of  local  origin,  derived  from  rocks  near  by.  This  region, 
as  the  last  ice-sheet  found  it,  was  probably  a  comparatively 
smooth  drift  plain,  made  so  by  earlier  Pleistocene  ice-sheets 
Almost  the  only  way  that  local  debris  could  become  englacial 
was  by  being  taken  up,  absorbed  or  incorporated  directly  into 
the  lower  layers  of  the  ice  as  the  glacier  moved  along.  Under 
the  great  pressure  of  ice,  hundreds  or  perhaps  thousands  of  feet 
deep,  this  process  must  have  become  more  or  less  effective.  It 
seems  almost  certain  that  substantially  all  the  drift  south  of  the 
lakes  was  transported  englacially,  and  in  only  the  lower  layers 
of  the  ice-sheet.  The  maximum  load  which  can  be  carried  in 
the  bottom  layers  of  the  ice  without  overthrust  cannot  exceed 
a  certain  amount  for  a  given  pressure  and  rate  of  glacial  flow, 
and  that  amount  is  probably  not  large.  When  the  bottom  lay- 
ers become  overloaded  they  clog  beneath  the  ice  and  cease  to 
move,  while  the  cleaner  upper  ice  forms  a  plane  of  shear  above 
the  clogged  layers  and  overrides  them.  Professor  Salisbury, 
writing  of  the  glaciers  of  Greenland,  says : 

Professor  Russell  has  called  attention  to  the  fact  that  the  movement  of 
ice  is  influenced  by  the  amount  of  debris  which  it  carries.  This  doctrine  finds 
abundant  confirmation  in  the  north.  The  lower  part  of  the  ice,  which  is  well 
charged  with  debris,  or  altogether  full  of  it,  seems  to  virtually  lose  its  motion 
and  to  become  the  bed  over  which  the  upper  ice  passes.  It  is  not  possible 
to  say  that  its  motion  is  absolutely  lost,  but  many  phenomena  seem  to  make 
it  certain  that  the  upper  portion  of  the  ice  of  a  glacier  passes  over  the  lower 
debris-charged  portion  in  the  same  way  that  it  passes  over  a  rock  bed.  The 
lower  part  of  the  ice  in  such  cases  becomes  virtually  an  ice  conglomerate,  the 
mobility  of  which  is  certainly  slight.' 

'"Salient  Points  Concerning  the  Glacial  Geology  of  North  Greenland,"  by  R 
D.  Salisbury.    Jour.  Geol.,  Vol.  IV,  No.  7,  pp.  800-801. 


MORAINES  OF  RECESSION  451 

It  appears  to  be  a  plain  inference,  even  in  the  case  of  the 
extremely  slow  motion  of  the  Greenland  cap,  that  however 
slowly  the  upper  layers  of  the  ice  move,  the  debris-laden  bottom 
layers  move  still  more  slowly.  Even  in  a  fiord  tongue  which 
moves  50  or  100  feet  a  day,  if  the  ice  is  1000  to  1500  feet  or 
more  deep  the  extreme  bottom  layers  may  move  quite  slowly. 

The  principles  involved  in  basal  clogging  have  been  well 
brought  out  by  Professor  I.  C.  Russell.  He  reduces  them  to 
this  proposition:  **The  rate  of  flow  of  glacial  ice,  under  given 
conditions,  will  depend  upon  the  percentage  of  debris  com- 
mingled with  it,  and  be  least  where  the  percentage  is  greatest."' 
For  our  present  purpose  this  law  may  be  advantageously  restated 
in  terms  of  drift  transportation  and  deposition  rather  than  ice- 
motion,  thus  :  Whether  the  basal  layers  of  a  glacier  will  absorb 
or  deposit  debris  at  a  given  place  or  pass  over  without  doing 
either,  depends  on  their  carrying  an  underload,  an  overload,  or 
just  an  even  full  load  at  the  existing  velocity  and  pressure. 

Under  deep  ice,  however,  the  building  up  of  ridges  or  promi- 
nences like  terminal  moraines,  by  the  clogging  of  debris-laden 
bottom  layers,  would  seem  to  be  impossible,  because  the  tendency 
there  is  to  wear  down  and  abrade  every  prominence  of  the  land 
that  is  overridden.  Clogging  under  deep  ice  probably  occurs  to 
some  extent,  but  only  by  the  shearing  off  of  thin  bottom  layers 
which  do  not  remain  as  subglacial  prominences.  Hollows  of  the 
land  surface  would  tend  to  be  filled  up  by  clogging,  and  a  mass 
of  debris  once  dropped  in  such  a  place  would  tend  to  stay  there 
unless  the  peculiar  and  rare  conditions  which  lead  the  ice  to 
scoop  out  basins  came  into  play.  While  the  general  truth  of 
Professor  Russell's  proposition  is  plain,  and  the  principle  stated 
is  one  of  great  value,  it  may  be  doubted  whether  it  can  have  such 
a  function  as  he  supposes  when  he  suggests  that  it  was  the  deter- 
mining cause  of  the  moraines  of  recession  and  their  peculiar 
distribution.' 

»"Thc  Influence  of  Ddbris  on  the  Flow  of  Glaciers."  JoUR.  Geol.,  Vol.  Ill, 
No.  7,  pp.  823-832. 

*In  a  footnote  to  his  article  (page  831)  Professor  Russell  makes  the  following 
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The  great  Malaspina  glacier  of  Alaska,  so  well  described  by 
Professor  Russell,  belongs  to  the  Piedmont  type,  and  is  probably 

suggestion :  **  That  a  series  of  terminal  moraines  in  a  formerly  glaciated  valley,  or  a 
similar  succession  of  ridges  left  by  a  continental  glacier,  are  not  necessarily  evidence 
of  repeated  climatic  oscillations,  but  may  have  been  formed  during  a  uniform  and 
continuous  meteorological  change  favorable  to  glacial  recession.  That  is,  a  ddbris- 
charged  glacier  may  retreat  for  a  time,  then  halt  and  again  retreat,  owing  to  its  termi- 
nus becoming  congested  with  foreign  material,  in  response  to  a  climatic  change  which 
would  cause  a  glacier  composed  of  clear  ice  to  recede  continuously  and  without  halts." 

It  is  hard  to  see  how  clogging  of  the  lower  layers  could  have  the  effect  of  build- 
ing a  ridge  like  a  terminal  moraine  an^'where  except  at  or  very  near  the  edge  of  the 
ice-sheet ;  and  it  seems  certain  also  that  the  building  of  a  great  moraine  must  have 
required  a  relatively  long  duration  of  time  —  much  longer  than  the  building  of  the 
flat  intermorainic  plains  of  till.  But  under  a  uniform  change  of  climate,  as  supposed 
by  Professor  Russell,  it  seems  impossible  to  allow  much  more  time  for  the  building  of 
a  moraine  than  would  be  taken  by  a  clear-ice  glacier  to  retreat  over  an  interval  equal 
to  the  width  of  the  moraine  unless  the  formation  of  the  moraine  is  supposed  to  begin 
under  deep  ice  far  back  —  at  least  several  miles  back  —  from  the  edge  of  the  lobe. 
When  the  front  of  the  Maumee  ice  lobe  was  at  Fort  Wayne  the  ice  was  probably  400 
or  500  feet  thick  within  a  mile  or  two  back  from  the  edge,  and  its  thickness  increased 
to  the  northeast.  From  Fort  Wayne  to  Port  Huron  there  are  five  moraines  in  series 
with  four  intervals  of  about  fifty  miles  each,  and  with  wide  till  plains  intervening. 
When  the  ice-front  was  just  east  of  the  Fort  Wayne  moraine,  did  basal  clogging  begin 
then  at  Defiance,  forty-five  miles  back  under  the  deep  ice,  or  did  the  ice-front  retreat 
from  Fort  Wayne  to  Defiance  without  clogging  only  to  begin  it  again  at  the  latter 
place?  If  the  former,  then  we  must  set  aside  the  law  of  heavy  abrasion  on  subglacial 
prominences  under  deep  ice.  If  the  latter,  then,  as  already  pointed  out,  the  time  allotted 
for  the  building  of  the  moraine  is  little  if  any  longer  than  that  which  would  be  taken 
by  a  clear-ice  glacier  to  retreat  over  a  distance  equal  to  the  width  of  the  moraine. 

The  Port  Huron-Saginaw  moiaine  is  clearly  traceable  as  a  distinct  individual 
from  the  highlands  south  of  Georgian  Bay,  where  it  is  about  1000  feet  above  the 
lake,  descending  to  lake  level  at  Port  Huron,  rising  thence  300  feet  to  Ubly  on  the 
"  thumb "  of  Michigan,  descending  again  to  lake  level  at  Saginaw,  rising  again 
towards  the  northeast  to  the  Au  Sable  River,  and  thence  northwest  nearly  as  far  as 
Petoskey,  where  it  is  again  about  1000  feet  above  the  lake  —  a  distance  of  over  400 
miles.  It  seems  hard  to  account  for  such  a  moraine  by  clogging  alone,  and  for  a 
series  of  them,  the  existence  of  which  is  a  matter  of  simple  inference  from  the  facts 
now  at  hand,  the  difficulty  becomes  much  greater.  Speaking  of  the  terminal  moraines 
of  the  United  States,  Professor  Chamberlin  says :  '*  Some  of  these  have  been  traced 
several  hundred  miles  in  individual  distinctness,  and,  by  fair  correlation,  may  be 
assumed  to  have  been  identified  for  a  thousand  miles  or  more.*'  (Gkikie's  **  Great 
Ice  Age,"  1894.  p.  740.) 

But  even  if  basal  clogging  in  itself  could  produce  moraines,  that  process  taken 
alone  could  hardly  be  the  cause  of  such  a  marked  and  widespread  periodicity  in  the 
phenomena.  The  continuity  and  great  length  of  individual  moraines  shows  that  the 
periodic  rhythm  of  the  oscillations  affected  wide  areas ;  indeed,  there  lacks  but  little  to 
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the  best  modern  example  of  it.'  But  this  glacier  is  the  dump- 
ing ground  of  hundreds  of  Alpine  glaciers  of  the  most  pro- 
nounced type,  all  descending  steep,  short  slopes  from  high 
mountains,  and  carrying  heavy  loads  of  debris — superglacial 
loads  as  medial  and  marginal  moraines,  as  well  as  heavy  engla- 
cial  loads  in  their  bottom  layers.  Contrasted  with  this  the  Lau- 
rentide  glacier  had  no  Alpine  feeders  whatever.  Substantially 
all  that  it  accomplished  in  the  transportation  and  deposition  of 
drift  was  done  by  its  bottom  layers  in  englacial  fashion.  The 
Malaspina  apparently  suggests  nothing  that  would  controvert 
the  general  conclusions  drawn  from  other  sources.  For  its  most 
characteristic  features  are  exceptional,  and  obviously  do  not 
apply  to  the  Laurentide  ice-sheet  nor  to  ice-sheets  in  general.' 

THE  PROBABLE  DURATION  OF  THE  PERIODS  OF  GLACIAL 

OSCILLATION. 

A  little  examination  will  show  that  no  short  period,  such  as 
35,  100,  or  even  300  years  will  suffice  for  the  building  of  the 
moraines.  From  Fort  Wayne  to  Port  Huron  there  are  five 
moraines  with  four  intervals  of  almost  exactly  fifty  miles  each. 
These  constitute  perhaps  the  simplest  group  in  the  whole  moraine 
series.  They  have  the  widest  and  most  regular  intervals  and 
some  of  them,  when  not  too  deeply  water-laid,  are  the  very  best 
types  of  the  structure  characterizing  deposition  at  a  climax  of 
readvance.     The  intervals  are  so  wide,  and  the  valleys  in  which 

prove  that  it  was  of  continental  extent.  From  present  indications  it  would  seem 
almost  certain  that  future  investigations  will  establish  this  as  a  fact.  But  even  sup- 
posing moraines  to  be  formed  sometimes  by  basal  clogging,  what  could  be  the  cause 
of  such  widespread  periodic  clogging  if  not  climate  ? 

'"Mt.  St.  Elias  and  its  Glaciers/'  Am.  Jour.  Sci.,  Vol.  XLIII,  March  1892,  pp. 
169-182  ;  "  Malaspina  Glacier,"  JoUR.  Geol.,  Vol.  I,  No.  3,  pp.  219-245. 

'Mr.  Upham  has  recently  enlarged  and  elaborated  Professor  Russell's  suggestion, 
but  apparently  without  throwing  any  new  light  on  the  obscure  processes  involved. 
(Am.  Geol.,  Vol.  XIX,  June  1897.)  He  also  endeavors  to  enforce  the  Malaspina 
glacier,  which  is  a  perfect  example  of  the  Piedmont  type,  as  a  criterion  for  interpret- 
ing the  Laurentide  ice-sheet  or  continental  glacier.  In  this  effort  he  even  goes  so  far 
as  to  call  the  Malaspina  glacier  an  ice-sheet — an  application  of  the  term  which  is 
clearly  erroneous  and  misleading. 
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the  broad  Huron  and  later  Erie-Huron  ice-lobes  advanced  are  so 
wide  and  smooth  that  the  circumstances  favoring  simplicity  were 
at  a  maximum. 

Suppose  it  took  the  ice-front  thirty-five  years  to  retreat  from 
the  Fort  Wayne  to  the  Defiance  moraine,  receding  at  a  uniform 
rate.  That  would  be  a  little  over  twenty  and  a  half  feet  a  day. 
But  this  allows  no  time  for  retreat  beyond  Defiance,  nor  for  the 
halt  at  the  warm  climax  of  retreat  and  the  building  of  a  moraine 
there  of  equal  magnitude  with  that  now  seen  at  Defiance,  nor 
for  the  readvance  to  Defiance,  nor  finally  for  the  building  of 
the  Defiance  moraine.  If  the  Defiance  moraine  was  built  after 
a  readvance  and  if  the  nature  of  the  oscillation  was  such  as 
shown  in  Fig.  i,  then  the  time  taken  for  the  retreat  from  Fort 
Wayne  to  Defiance  must  have  been  only  a  fraction  of  the  whole 
period  of  oscillation.  We  may  measure  the  period  of  oscilla- 
tion between  the  crests  of  the  moraines,  including  always  the 
destroyed  moraine  of  the  warm  climax.  We  may  assume  further 
that  the  readvance  is  at  least  half  of  the  previous  retreat,  and  in 
this  case  the  moraine  of  the  warm  climax  next  after  the  Fort 
Wayne  moraine  would  be  built  at  some  point  near  Toledo  and 
after  it  was  finished  the  ice-front  would  readvance  to  Defiance. 
Then  the  first  half  of  the  period  of  oscillation  would  be  measured 
between  the  crests  of  the  Fort  Wayne  and  Toledo  moraines,  and 
the  second  half  between  the  crests  of  the  Toledo  and  Defiance 
moraines.  The  two  middle  points  of  oscillation  would  then  be 
half  way  between  Fort  Wayne  and  Toledo  and  half  way  between 
Toledo  and  Defiance.  The  first  of  these  would  be  about  at  Defi- 
ance. On  this  basis  the  retreat  from  the  crest  of  the  Fort  Wayne 
moraine  to  the  middle  point  at  Defiance  would  take  one-fourth 
of  the  time  of  the  whole  oscillation  and  this  includes  half  of  the 
time  of  the  building  of  the  Fort  Wayne  moraine.  On  the  basis 
of  thirty-five  years  for  the  whole,  this  one-fourth  part  would 
occupy  only  about  eight  and  three-fourths  years,  and  surely  half 
of  this  time  would  have  to  be  taken  to  build  half  of  the  Fort 
Wayne  moraine,  and  that  would  leave  only  four  and  three-eighths 
years  for  the  ice-front  to  retreat  fifty  miles.     The  rate  of  retreat 
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would  then  average  about  164  feet  a  day.  And  further,  this 
retreat  would  have  to  take  place  in  the  face  of  the  continual 
advance  of  the  ice,  so  that  the  ice  would  have  to  melt  back 
probably  considerably  more  than  164  feet  a  day.  Such  a  con- 
clusion is  manifestly  absurd  and  its  absurdity  is  only  increased 
when  we  reflect  that  this  is  the  average  per  day  for  the  whole 
year.  During  the  winter  months  there  must  have  been  not  only 
no  great  amount  of  melting,  but  more  or  less  readvance  because 
melting  ceased ;  and  it  is  probably  true  that  for  some  months  in 
the  spring  and  fall  the  forces  of  advance  and  retreat  were  about 
at  a  balance.  Only  for  three  or  four  months  in  summer  would 
the  forces  of  retreat  be  effective,  so  that  substantially  the  whole 
annual  retreat  would  have  to  take  place  during  the  summer  and 
the  rate  of  retreat  would  have  to  be  at  least  four  or  five  times 
the  daily  average  for  the  whole  year,  or  700  or  800  feet  or  more 
per  day.  It  does  not  help  the  matter  much  to  change  the  period 
to  100  or  even  300  years.  For  it  would  still  be  necessary  to 
postulate  a  high  rate  of  retreat  —  seventy  or  eighty  feet  per  day 
during  the  effective  melting  season.  If  the  period  were  3000 
years  the  rate  would  still  be  seven  or  eight  feet  a  day  at  that 
season.  With  the  period  at  6000  years  the  rate  would  be  three 
and  a  half  to  four  feet  a  day,  and  at  12,000  years  one  and  three- 
fourths  to  two  feet  a  day. 

We  may  suppose,  if  we  choose,  that  at  every  turn  of  retreat 
the  ice-sheet  became  completely  disintegrated  and  broken  up,  at 
least  over  a  wide  marginal  belt,  on  account  of  the  suddenness 
and  intensity  of  the  increased  warmth.  But  such  a  supposition 
savors  of  catastrophism  and  does  not  seem  to  be  in  the  line  of 
probable  truth.  The  equilibrium  between  glacial  accumulation 
and  ablation  must  have  been  a  very  delicate  one.  There  could 
be  no  wide  departure  from  a  balance  of  forces  without  a  corre- 
sponding great  change  in  the  extent  of  the  ice-sheet.  Surely  the 
climatic  conditions  which  permitted  the  ice-front  to  stand  for  a 
long  time  at  Fort  Wayne  were  not  greatly  different  from  those 
that  permitted  it  to  stand  at  Defiance  or  at  Toledo.  There  is  no 
need  of  supposing  that  sudden  or  violent  climatic  changes  produced 
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the  oscillations.  There  is  nothing  in  the  phenomena  of  the  drift 
that  requires  it,  nor  has  anything  been  discovered  in  the  behavior 
of  the  Greenland  ice-sheet  that  suggests  it.  The  summers  were 
seasons  of  melting  during  the  phase  of  advance  as  well  as  during 
that  of  retreat,  and  it  may  be  doubted  whether  the  most  skillful 
observer  could  have  detected  any  difference  in  the  summers  of 
the  two  phases  unless  he  had  made  the  most  refined  gauge 
measurements  on  the  volume  of  the  water  discharged.  Whether 
the  ice-front  would  advance  a  little  or  recede  a  little  or  remain 
stationary  during  a  long  period  of  years  was  a  matter  of  the 
utmost  delicacy  of  adjustment.  I  doubt  whether  the  average 
annual  temperature  for  a  period  of  years  need  differ  more  than 
two  or  three  degrees  to  determine  whether  the  ice-front  shall 
stand  at  Fort  Wayne  or  at  Defiance. 

Again,  there  seems  every  reason  to  suppose  that  the  general 
advance  of  the  ice-sheet  was  after  the  same  manner  as  the  retreat, 
only  that  the  oscillations  were  reversed,  and  that  it  required 
the  same  duration  of  time.  From  the  halt  at  Defiance  the  ice 
would  retreat  to  Toledo,  and  then  readvance  to  Fort  Wayne,  and 
so  on.  If  this  is  a  true  assumption,  then  it  would  require  us  to 
suppose  that  the  ice-sheet  must  be  able  to  advance  from  Toledo 
to  Fort  Wayne  in  the  same  time,  and  hence  at  the  same  rate,  as 
it  is  supposed  to  retreat  over  the  same  interval  during  the  gen- 
eral recession.  But  it  is  manifestly  impossible  to  suppose  that 
the  ice  advanced  at  a  rate  of  anything  like  looo  or  even  lOO  feet 
a  day.  The  great  wide  lobe  that  advanced  up  the  Maumee  valley 
is  not  to  be  compared  with  the  Muir,  or  the  Karajak  glacier,  but 
rather  with  some  part  of  the  Greenland  ice-cap  that  ends  on 
land.  It  was  not  breaking  off  and  floating  away  as  bergs.  It 
seems  certain  that  its  motion  must  have  been  very  slow,  probably 
not  over  two  to  five  feet  a  day,  even  at  the  maximum. 

But  if  it  seems  necessary  to  put  the  period  of  oscillation  at 
3000  years  or  more,  it  becomes  a  matter  of  comparatively  small 
importance  whether  it  be  a  little  more  or  less.  We  have  no  means 
of  knowing  just  what  it  was,  but  if  3000  years  seems  to  be  an 
extreme  minimum  and  6000  years  seems  better,  there  is  no  pos- 
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sibility  of  drawing  the  line  just  there  and  saying  that  it  could  not 
have  been  10,000  years  or  even  more.  At  the  present  day  the 
combined  weight  of  the  facts,  theories  and  analogies  available 
to  us  seems  to  me  to  lean  toward  the  conclusion  that  an  oscil- 
lation period  of  between  5000  and  10,000  years  would  be  the 
most  satisfactory.  If  we  take  the  Fort  Wayne  moraine  to  be 
five  miles  wide  and  the  period  of  oscillation  to  be  5000  years, 
and  if  we  suppose  the  period  to  be  divided  in  two  halves  equal 
in  time,  one  of  advance  to  Fort  Wayne  over  a  space  of  fifty 
miles  and  the  other  of  retreat  from  Fort  Wayne  over  a  space  of 
100  miles,  then  we  may  say  in  round  numbers  that  it  took  700 
or  800  years  to  build  the  Fort  Wayne  moraine.  If  we  take  the 
period  of  oscillation  to  be  10,000  years,  then  it  took  twice  as 
long. 

THE    SUPERPOSITION    OF    THE    OSCILLATIONS    UPON    A    GREATER    AND 

MUCH  SLOWER  CLIMATIC  VARIATION. 

That  there  was  a  periodic  oscillation  of  the  ice-front  of  some 
kind  or  other  needs  no  better  proof  than  the  simple  fact  of  the 
existence  of  the  moraine  series  itself.  We  have  seen  that  by  its 
influence  upon  climate  precession  would  tend  to  produce  a  to  and 
fro  oscillation  of  the  ice-front.  We  have  seen  also  that  there 
is  a  considerable  amount  of  reliable  evidence  showing  that  the 
oscillations  which  took  place  did,  in  fact,  have  the  character 
ascribed  to  precession.  But  if  terrestrial  climate  had  suffered  no 
change  from  any  other  cause  than  that  which  produced  the  oscil- 
lations, then  the  ice-front  would  have  gone  on  playing  back  and 
forth  for  an  indefinite  time  over  the  same  narrow  strip  of  ground. 
But  the  moraines  are  distributed  in  a  great  series  from  south  to 
north  with  intervals  between  them  that  are  remarkable  for  their 
regularity,  when  due  allowance  is  made  for  the  influence  of 
topography.  This  arrangement  seems  to  be  explicable  only  on 
the  suppo;>ition  that  besides  the  oscillations  there  was  another 
greater,  slower  change  of  climate  in  progress — many  times 
longer  in  duration  than  the  period  of  oscillation.  Whatever 
their  cause,  the  oscillations  were  obviously  superposed  upon  this 
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greater,  slower  climatic  change.  After  the  grand  climax  of 
advance,  when  the  ice  of  this  epoch  reached  its  farthest  point 
south,  the  long  retreat  began  and  the  oscillations  that  made  the 
moraines  of  recession  went  on  round  after  round  during  the  slow 
progress  or  the  greater  change.  This  is  a  truth  that  stands  out 
clearly  on  the  face  of  the  larger  facts  and  is  entirely  independ- 
ent of  all  theories  as  to  the  cause  of  the  oscillations  or  of  the 
greater  change  itself.  Here  again  the  moraines  of  recession,  by 
their  arrangement,  and  by  the  regularity  of  their  intervals,  help 
us  to  a  partial  insight  into  the  nature  of  this  greater  change — 
the  real  cause  of  the  Ice  age.  Not  that  they  show  us  the  whole 
cause  fully  and  clearly,  for  they  do  not.  But  they  show  us  enough 
of  its  real  nature  to  enable  us  to  eliminate  several  hypotheses 
that  have  been  suggested,  and  so  to  narrow  the  range  of  discus- 
sion. The  cause  of  the  greater  change  must  have  been  of  an 
astronomical  nature,  and  there  is  apparently  no  alternative. 

In  order  to  see  the  full  import  of  the  facts  we  must  see  just 
how  the  oscillation  is  related  to  the  greater  change.  If  the 
oscillations  were  regular  (either  with  equal  time  intervals,  or 
with  time  intervals  that  varied  progressively  at  a  uniform  rate) 
and  the  greater  change  also  regular  (uniform  or  varying  at  a 
uniform  rate)  then  the  moraine  series  would  tend  to  be  regular, 
but  if  either  one  or  both  of  the  changes  were  irregular,  then 
the  moraine  series  would  be  irregular.  To  get  a  regular  moraine 
series  out  of  a  combination  in  which  either  factor  was  irregular 
would  be  accidental,  and  an  assumption  that  such  a  cause  has 
produced  the  moraine  series  would  be  gratuitous  and  without 
reasonable  foundation. 

A  careful  analysis  of  the  effect  of  topography  in  causing 
irregularities  in  the  moraine  series  seems  to  show  that  the  inter- 
morainic  intervals  are  not  uniform,  but  increase  from  south  to 
north.  By  reference  to  the  map  it  will  be  seen  that  from  the 
first  moraine  back  to  the  ninth,  or  Fort  Wayne  moraine,  the 
intervals  are  shorter  than  from  Fort  Wayne  northward.  The 
effect  of  topography  can  be  best  understood  by  considering  the 
glacier  in  its  advancing  phase. 
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When  the  ice-front  was  at  the  Hagenville  (15th)  and  Alcona 
(14th)  moraines,  the  apex  of  its  lobe  in  the  Huron  basin  was  in 
the  present  lake  bed,  and  so  cannot  now  be  exactly  located  nor 
measured.  But  at  the  next  halt  the  ice-front  stood  at  the  Port 
Huron-Saginaw  moraine  (13th).  This  is  the  first  one  now  fully 
recorded  on  land.  At  that  halt  the  ice  was  held  back  by  the  high- 
lands south  of  Georgian  Bay  in  Ontario,  and  by  those  southeast  of 
Petoskey  in  Michigan,  and  it  was  also  held  back  about  fifty  miles 
by  the  **  thumb  "  of  Michigan.  With  further  advances  the  separ- 
ated Saginaw  and  Huron  lobes  moved  forward  nearly  equally  at 
first,  but  soon  the  Saginaw  lobe  met  higher  ground,  and  slowed 
its  pace,  while  the  Huron  lobe  moved  on  more  rapidly  and  met 
and  blended  with  the  Erie  lobe  coming  up  the  Erie  basin  from 
the  northeast,  and  the  two  advanced  as  one  lobe  up  the  Maumee 
valley.  The  ice  clogged  more  and  more  against  the  high  ground 
in  southeastern  Michigan,  and  began  the  building  of  a  great 
interlobate  moraine  upon  it.  This  obstructed  the  advance  of  the 
Maumee  lobe  pretty  effectually  on  the  northwest  side,  while  the 
high  ground  along  the  south  side  of  the  Erie  basin  did  not  allow 
of  much  expansion  on  that  side  either.  Hence  the  advance  was 
mainly  up  the  wide  flat  Maumee  valley  until  Fort  Wayne  was 
reached.  At  this  point  there  came  an  important  change.  The 
ice-front  had  almost  reached  the  flat  rim  of  the  Erie  basin  along 
that  part  of  the  front  line  which  extends  from  Fort  Wayne  east- 
ward about  140  miles,  nearly  to  Mansfield,  Ohio — to  the  east 
side  of  the  head  of  the  Sciota  valley.  The  subsequent  advances 
found  ample  room  for  expansion  in  the  most  advantageous  way ; 
that  is,  in  a  southerly  direction  and  down  grade.  The  ice  soon 
began  advancing  down  the  Wabash  and  White  River  valleys  in 
Indiana,  and  down  the  Miami  and  Sciota  valleys  in  Ohio. 
Besides,  the  Maumee  lobe  had  now  pushed  so  far  ahead  of  the 
Saginaw  that  the  obstruction  on  its  northwest  side  in  Indiana  had 
been  somewhat  relieved.  But  before  becoming  distinctly  segre- 
gated into  four  sub-lobes,  the  ice  advanced  for  a  few  steps  very 
evenly  over  the  level  summit  plateau,  forming  the  remarkably 
regular  and  concentric  series  of  moraines  south  of  Fort  Wayne 
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and  extending  over  into  Ohio.  At  the  sixth  and  fifth  moraines 
the  ice-front  began  to  push  slightly  forward  down  the  Miami 
valley,  but  the  lobe  did  not  become  distinct  until  the  fourth 
moraine.  From  that  to  the  first  moraine  the  Miami  lobe  devel- 
oped more  and  more  individuality.  The  first  four  moraines  mark 
the  fully  developed  lobe  and  the  circumstances  under  which  they 
were  made  probably  accounts  for  the  smallness  of  two  of  their 
intervals — eight  and  twelve  miles  between  the  second  and  third 
and  the  third  and  fourth  respectively.  The  Miami  was  the 
smallest  and  narrowest  of  the  four  valleys  and  hence  its  ice-lobe 
was  more  cramped  than  the  others.  Besides,  there  was  no  such 
concentration  of  advance  in  the  Miami  valley  as  there  had  been 
before  in  the  Maumee.  The  pressure  was  relieved  by  the  other 
three  lobes,  while  from  Detroit  and  Cleveland  to  Fort  Wayne 
the  large  Erie-Huron  lobe  was  cramped  by  highlands  on  its  sides 
and  hence  pushed  forward  in  a  comparatively  long,  sharp  point. 

In  this  discussion  of  the  intervals  we  have  followed  the  ice  in 
its  advancing  phase.  We  have  only  to  reverse  the  order  of 
events  to  see  that  the  influence  of  topography  was  substantially 
the  same  during  the  retreat. 

This,  as  it  seems  to  me,  is  the  true  explanation  of  the  varia- 
tions of  the  intermorainic  interval,  and  it  indicates  that  the  nar- 
row intervals  which  prevail  from  the  first  to  the  ninth  moraines 
are  not  out  of  harmony  with  the  wider  intervals  from  the  ninth 
to  the  thirteenth.  The  shorter  intervals  of  these  moraines  do 
not  indicate,  as  might  be  supposed,  a  radical  difference  in  cli- 
matic conditions,  nor  of  amplitude  of  oscillation,  nor,  possibly, 
of  the  rate  of  the  general  retreat,  but  mainly  the  influence  of 
topography. 

If  the  moraines  showed  nothing  further  it  would  seem  clear 
that  the  rate  of  the  main  retreat  had  been  perfectly  uniform,  or 
at  least  very  nearly  so.  But  if  we  turn  to  northern  Michigan 
and  compare  the  intervals  of  four  moraines  there  with  the  four 
south  of  Fort  Wayne,  an  increase  of  the  interval  northward 
seems  to  be  suggested.  South  and  southwest  of  Fort  Wayne 
four  parallel  moraines  (the  sixth  to  the  ninth)  lie  within  a  space 
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of  forty-five  miles.  They  were  formed  at  the  broad  apex  of  the 
Maumee  lobe  expanding  on  a  nearly  level  plain.  In  the  north 
there  are  four  parallel  moraines  (the  twelfth  to  the  fifteenth) 
also  in  a  space  of  forty-five  miles  on  a  line  running  southwest 
from  Rogers  City  past  Gaylord.  These  moraines  are  banked  up 
against  the  northeast  face  of  the  highlands  and  mark  a  great 
reentrant  angle  of  the  ice-front.  The  fifteenth  is  800  or  900  feet 
lower  than  the  twelfth,  while  the  ninth  near  Fort  Wayne  (on 
a  line  running  southwest  from  Paulding,  Ohio)  is  only  about  lOO 
feet  below  the  sixth.  At  present  we  have  no  measure  of  the 
intervals  in  the  north  except  on  this  steep  slope.  It  seems  plain, 
however,  that  if  these  four  moraines  had  been  laid  down  on  a 
level  plain  without  being  banked  up  against  the  highlands  the 
normal  interval  would  have  been  considerably  greater  than  it  is. 
On  the  other  hand,  near  Fort  Wayne  it  seems  clear  that  if  the 
highlands  of  northeastern  Ohio  and  western  Pennsylvania  and 
New  York  had  been  absent  and  a  level  plain  there  instead,  so 
that  the  expansion  could  have  been  distributed  evenly  along  the 
edge,  the  normal  interval  would  have  been  somewhat  less  than 
it  is. 

These  facts  seem  to  show  that  while  the  oscillations  were 
going  on,  probably  at  a  substantially  regular  rate,  the  main 
climatic  amelioration  and  its  resulting  glacial  retreat  was  also 
going  on,  not  uniformly,  but  at  a  progressively  increasing  rate. 
From  the  first  (or  second)  moraine  near  Cincinnati,  where  the 
great  advance  of  this  epoch  had  stopped  and  the  great  retreat 
begun,  the  ice-front  retreated  at  first  very  slowly,  but  faster  and 
faster  as  the  front  receded  northward.  Here  again  the  character 
of  the  simple  harmonic  motion  seems  to  be  revealed  as  the 
probable  manner  of  the  varying  rate  of  retreat.  And  this  gives 
a  decidedly  astronomical  quality  to  the  cause.  Whether  the 
cause  was  due  to  some  greater  variation  like  precession,  or  to 
some  slow  orbital  change,  either  of  eccentricity  or  of  majs^nitude 
affecting  the  distance  of  the  earth  from  the  sun  independently 
of  eccentricity,  it  may  at  least  be  said  that  any  variation  of  cli- 
mate that  can  be  so  represented  must  spring  from  a  cause  which 
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proceeds  in  a  great  curve,  and  if  glacial  epochs  are  periodic,  as 
they  may  be,  then  the  variation  is  expressed  by  a  closed  curve, 
either  circular  or  elliptical. 

The  manner  of  retreat  under  such  a  combination  of  forces 
may  be  represented  graphically  with  approximate  accuracy  as 
follows  :  Assuming  the  oscillation  to  be  superposed  upon  a 
greater  amelioration  having  a  uniform  rate,  the  resulting  path 
would  be  an  epicyclic  curve.  If  the  recession  took  the  form  of 
retreats  and  halts  without  readvances  the  curve  would  come  to  a 
point  at  the  moraines  as  in  Fig.  4,  A,  and  the  moraines  would 
have  cross  sections,  under  the  simplest  conditions  of  formation, 
like  that  shown  in  the  figure.  With  readvances  the  curve  would 
be  a  looping  epicycle  as  in  Fig.  4,  B,  {a)  and  (^),  and  if  the 
readvances  covered  more  than  half  of  each  preceding  space  of 
retreat  the  loops  would  overlap  as  in  Fig.  4,  B,  {c) .  In  both  free 
and  overlapping  loops,  the  forms  of  the  moraines  would  be  as 
shown  in  Fig.  i  at  A,  and  in  Fig.  4,  B,  and  C.  As  we  have  seen, 
this  last  appears  to  have  been  the  actual  manner  of  retreat,  at 
least  in  Ohio,  Indiana,  and  Michigan.  This  is  shown  in  Fig. 
4,  B,  (^).  If  the  greater  climatic  variation  is  truly  represented 
by  a  simple  harmonic  motion,  then  the  overlapping  of  the  loops 
was  most  extensive  near  Cincinnati,  and  decreased  going  north- 
ward. This  order  of  retreat  is  represented  approximately  by 
Fig.  4,  C.  The  facts  seem  to  favor  this  method  of  interpretation 
quite  strongly,  but  it  is  not  necessary  to  pursue  the  theoretical 
aspect  of  the  problem  further  here.  It  is  suggested  in  this  paper 
that  precession  of  the  equinoxes  may  have  been  the  cause  of  the 
secondary  climatic  oscillations  which  produced  the  moraines  of 
recession.  But  no  statement,  nor  even  a  definite  opinion,  is 
ventured  as  to  the  cause  of  the  greater,  primary  variation  of 
climate  which  brought  on  the  Ice  age  itself,  except  that  it  was 
of  an  astronomical  nature.  It  may  be  added,  however,  that  the 
astronomical  theory  of  CroU  even  as  modified  and  reenforced 
by  Ball,  is  thought  not  to  afford  an  adequate  or  satisfactory 
explanation.  As  to  those  other  various  hypotheses  which  pos- 
tulate purely  terrestrial  causes,  such  as  the  displacement  of  the 
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Gulf  Stream  by  the  submergence  of  the  Isthmus  of  Panama  or 
by  the  elevation  of  a  supposed  Antillean  continent,  or  those  that 
rely  upon  mere  epeirogenic  uplift  in  the  north,  they  have  no 
sort  of  intelligible  relation  to  the  characters  revealed  by  the 
drift.  In  fact  they  appear  to  fall  so  far  short  of  explaining 
these  characters  that  there  seems  to  be  no  longer  a  hope  of 
gaining  any  real  advantage  from  their  consideration. 

SUMMARY. 

1.  Between  Cincinnati  and  Mackinac  the  Wisconsin  drift 
formation  has  fifteen  terminal  moraines  which  form  a  consecu- 
tive series  marking  the  retreat  of  the  last  ice-sheet ;  and  there 
are  three  more  farther  north  probably  belonging  to  the  same 
set.  The  series  seems  to  be  complete  and  is  believed  to  con- 
stitute the  simplest  and  most  perfect  known. 

2.  Making  due  allowance  for  the  influence  of  topography,  it 
appears  that  the  intervals  between  the  members  of  the  series  are 
remarkably  regular,  suggesting  periodic  halts  or  oscillations  of 
the  retreating  ice-front,  which  appear  to  be  attributable  only  to 
a  periodic  change  of  climate.  But,  excepting  the  annual  period 
and  a  thirty-five-year  period  deduced  by  Forel  and  others 
from  glacial  and  meteorological  observations,  the  only  periodic 
change  of  climate  known  is  that  due  to  the  precession  of  the 
equinoxes  with  a  period  averaging  21,000  years  and  a  minimum 
of  10,500. 

3.  A  study  of  the  forms  of  the  moraines  where  they  were 
made  under  the  simplest  conditions  shows  that  they  were  always 
made  at  the  climax  of  a  readvance.  In  one  instance  at  least 
the  readvance  appears  to  have  covered  more  than  half  of  the 
space  of  the  previous  retreat.  Theoretically,  the  influence  of 
precession  on  climate  would  cause  a  to  and  fro  oscillation  of  the 
ice-front  after  the  manner  of  a  simple  harmonic,  and  this  super- 
posed upon  a  greater  and  slower  change,  would  produce  an 
oscillating  retreat  with  minor  periodic  readvances.  This  appears 
in  fact  to  have  been  the  manner  of  retreat  during  the  formation 
of  the  moraine  series,  for  those  formed  under  the  simplest   con- 
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ditions  have   their  crests  forward ;  they  have  relatively  short, 
steep  front  slopes  and  long  gentle  back  slopes. 

4.  In  attempting  to  deduce  a  period  of  oscillation  from  the 
study  of  existing  things,  the  present  ice-cap  of  Greenland  was 
taken  as  the  closest  analogue  for  interpreting  the  drift  of  the 
Laurentide  ice-sheet,  and  the  chief  reliance  is  placed  in  the 
observations  of  Professors  Chamberlin  and  Salisbury.  From 
these  the  conclusion  is  reached  that  the  frontal  edges  of  the 
great  ice  lobes  that  made  the  moraines  of  recession  moved  only 
very  slowly,  so  slowly  as  to  be  in  substantial  accord  with  a 
period  of  oscillation  equal  to  the  minimum  value  of  the  preces- 
sional  period.  A  period  of  between  5000  and  10,000  years, 
however,  would  seem  to  accord  most  closely  with  the  phe- 
nomena. From  Fort  Wavne  to  Port  Huron  there  are  five 
moraines  with  four  intervals  of  about  fifty  miles  each.  On  this 
basis  the  Fort  Wayne  moraine  with  a  width  of  five  miles  would 
have  required  something  between  700  and  1600  years  for  its 
making. 

5.  The  regularity  of  the  oscillation  and  also  of  the  greater 

climatic  change  upon  which  it  was  superposed  both  point  clearly 

to  astronomical  causes.     The  periodic  oscillation  may  have  been 

due  to  precession,  but  no  opinion  is  ventured  as  to  the  cause  of 

the  greater  change.     On  this  basis  then,  it  took  the  ice-front 

75,000  to  150,000  years  to  retreat  from  Cincinnati  to  Mackinac, 

and  the  whole  glacial  epoch  lasted  at  least  i  50,000  years  and 

possibly  300,000  or  more.     And  if  glacial  epochs  are  periodic, 

as  they  may  possibly  be,  then  this  period  is  only  a  fraction  of 

the  great  cycle  of  climatic  change. 

Frank  Bursley  Taylor. 


THE  ERUPTIVE  ROCKS  OF  MEXICO. 

Part  III  of  the  recently  published  Bosquejo  GeolSgico  de 
Mexico  consists  of  a  study  by  Ezequiel  Ordonez  of  the  eruptive 
rocks  of  Mexico.'  This  may  be  regarded  as  the  most  complete 
and  satisfactory  summary  of  the  present  state  of  knowledge  of 
this  subject  which  has  yet  been  published. 

Humboldt's  Essay  on  New  Spain  contains  many  observations 
on  the  rocks  of  the  silver-bearing  regions  of  Mexico  which 
are  made  with  great  accuracy  and  fullness  of  detail.  But  the 
science  of  petrography  has  made  many  advances  since  Hum- 
boldt's day.  It  is  no  longer  sufficient  to  describe  rocks  as 
primitive  schists  and  porphyries  nor  can  altered  andesites  and 
tuffs  be  disposed  of  as  graywackes.  These  terms  are,  however, 
an  improvement  on  saxum  metallifenim,  the  name  by  which 
many  of  the  rocks  were  earlier  known.  Modern  geologists, 
moreover,  can  hardly  agree  with  the  great  savaftt  in  his  con- 
clusion that  the  richness  of  veins  is  entirely  independent  of  the 
nature  of  the  rocks  which  the  veins  traverse.  The  great  sim- 
ilarity found  among  the  rocks  of  the  silver-bearing  regions  of 
Mexico  and  their  resemblance  to  those  of  Nevada  and  Germany 
in  which  similar  veins  occur,  indicates  that  a  definite  relation 
probably  exists  between  rock  and  vein. 

Humboldt's  work,  however,  remains  about  the  only  authori- 
tative one  on  the  rocks  of  Mexico  as  a  whole,  which  can  be 
consulted.  The  names  which  he  applied  to  the  rocks  and  the 
opinions  which  he  expressed  regarding  their  origin  will  be  found 
to  be  those  prevailing  in  Mexico  today.  Since  the  publication 
of  his  work  studies  of  single  rocks  or  of  limited  regions  have 
been  published,  but  little,  if  any,  attempt  has  been  made  to 
correlate  observations.  There  is  room,  therefore,  for  a  compre- 
hensive study  of  the  kind  made  by  Senor  Ordonez. 

^  Boletin  del  Institute  GeolSgico  de  Mixico^  Nums.  4,  5,  y  6,  Mexico,  1897. 
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In  his  paper  the  rocks  are  described  in  terms  of  modern 
petrography  and  with  as  much  detail  as  the  plan  of  the  sketch 
permits.  This  plan  he  states  to  be  an  endeavor  to  give  some 
idea  of  the  petrographic  provinces  of  the  country,  indicating 
for  each  one  of  them  the  predominating  species,  without  enter- 
ing into  minute  details  concerning  the  extent  of  each.  Com- 
mencing with  the  pre-Cretaceous  rocks,  the  granites,  pegmatites, 
granulites,  syenites,  and  dicrites  of  this  age  are  described  in 
order  in  their  respective  provinces.  The  post-Cretaceous  rocks 
are  discussed  next,  beginning  with  the  granites  and  passing  on 
in  order  through  the  granulites,  diorites,  diabases,  andesites, 
dacites  and  rhyolites.  Then  are  taken  up  what  are  called  the 
andesites  of  the  second  invasion,  which  were  produced  by  the 
volcanic  eruptions  which  began  near  the  end  of  the  Tertiary 
period.  Finally  the  labradorites  and  basalts  which  largely 
characterize  the  latest  eruptions  are  considered.  Of  especial 
interest  is  the  account  given  of  the  rocks  of  the  great  silver- 
bearing  regions  of  Zacatecas,  Guanajuato  and  Pachuca,  regions 
which  though  widely  separated,  the  author  finds  to  present 
remarkable  uniformity  as  to  kinds  of  rock  and  circumstances 
of  outflow. 

The  work  is  marred  by  some  errors,  such  as  calling  hyper- 
sthene  a  monoclinic  pyroxene  (p.  264),  and  the  indiscriminate 
use  of  the  terms  amphibole  and  hornblende.  The  punctuation 
and  paragraphing  also  admit  of  much  improvement.  The  char- 
acter of  the  work  is  as  a  whole,  however,  so  admirable,  that  I 
have  thought  that  to  give  a  resume  of  it  by  means  of  a  transla- 
tion of  extracts  would  assure  a  wider  circulation  to  some  of  the 
facts  enunciated  by  Sefior  Ordonez  than  they  would  perhaps 
otherwise  attain.  Of  such  extracts  the  remainder  of  this  paper 
is  made  up. 

The  first  indication  of  the  part  of  the  American  continent 
which  forms  the  country  of  Mexico,  was  given  in  Palaeozoic 
time  by  the  emergence  of  a  narrow,  elongated  backbone  which 
uniting  with  the  beginnings  of  the  Rocky  Mountains  to  the 
north  and  of  the  Andes  to  the  south  constituted  the  foundation 
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of  the  orographic  system  known  as  the  Cordillera  of  the  Ancles 
It  is  in  the  part  of  Mexico  known  by  the  name  of  the  Western 
Sierra  Madre  that  we  may  expect  to  find  the  principal  types  of 
ancient  eruptive  rocks,  associated  as  a  rule  with  crystalline 
schists  and  some  of  the  earliest  sedimentary  rocks.  The  Sierra 
Madre  extends  along  the  Pacific  coast  in  a  general  southeast- 
northwest  direction.  The  western  slopes,  generally  descending 
rapidly  to  the  coast,  present  a  notable  contrast  to  those  of  the 
east,  where  numerous  spurs  or  secondary  sierras  serve  to  support 
the  extensive  plateau  of  the  Mesa  Central.  It  was  along  the 
eastern  slopes  that  the  eruptive  movements  which  in  epochs 
later  than  the  Cretaceous  added  to  the  relief  of  the  Sierra 
Madre,  chiefly  occurred.  Here  may  be  seen  the  whole  series  of 
modern  eruptive  rocks,  from  the  granites  with  which  the  erup- 
tions clearly  began,  to  the  basalts  of  Quaternary  time. 

Considering  first,  then,  the  pre-Cretaceous  rocks,  we  find 
them  consisting  chiefly  of  granites.  These  probably  make  up  a 
large  part  of  the  mountains  along  the  western  coast  of  the  Penin- 
sula of  Lower  California,  but  of  their  exact  distribution  we 
know  as  yet  little.  In  the  region  of  Hermosillo,  Sonora,  in  the 
district  of  Moctezuma,  granite,  crossed  by  dikes  of  pegmatite, 
occupies  great  tracts  of  country.  In  the  district  of  Altar  sye- 
nites and  diorites  replace  the  granite.  In  the  region  south  of 
the  state  of  Puebla  in  the  districts  of  Chiautla  and  Matamoros 
micaceous  or  amphibolic  granites  are  found  passing  over  to 
gneiss  or  green  schists.  The  granites  are  interrupted  frequently 
by  modern  eruptive  rocks,  chiefly  rhyolites  and  andesites,  or 
even  by  stratified  rocks,  generally  Cretaceous.  In  the  state  of 
Jalisco  in  the  canton  of  Mascota  and  along  the  slopes  of  the 
Sierra  toward  the  Pacific,  the  group  of  mountains  of  Desmoron- 
ado  is  formed  of  granites  associated  with  quartzites  and  other 
metamorphic  schists.  In  the  central  and  western  parts  of  the 
state  of  Oaxaca  may  be  seen  an  extensive  formation  of  granites 
and  diorites,  covered  sometimes  by  breccias  and  modern  quartz- 
ose  conglomerates.  These  ancient  masses,  chiefly  granites,  may 
be  followed,  although  interrupted  by  modern  eruptive  and  sedi- 
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mentary  rocks,  nearly  to  the  coast  of  the  Pacific  and  the  Isthmus 
of  Tehauntepec. 

By  far  the  larger  number  of  the  eruptive  rocks  of  Mexico 
are,  however,  of  post-Cretaceous  origin.  Among  the  rocks 
which  began  this  prolonged  eruptive  epoch,  granites  and  granu- 
lites  predominate,  syenites  are  rare,  andesitic  diorites  are  abun- 
dant, and  diabases  sometimes  occur.  The  different  varieties, 
however,  pass  from  one  to  another  by  insensible  gradations,  and 
frequently  exhibit  as  well  an  ophitic  or  trachytic  structure  which 
leads  them  to  resemble  the  true  porphyrites  and  andesites.  The 
frequent  recurrence  of  these  phenomena  serves  as  a  corroboration 
of  Iddings'  theory  of  the  differentiation  of  magmas.  The  post- 
Cretaceous  eruptive  rocks  which  approximate  in  structure  most 
nearly  to  those  of  prc-Cretaceous  age,  occur  chiefly  in  the 
central  regions  of  the  northern  and  northeastern  portions  of  the 
country,  and  are  usually  associated  with  Cretaceous  limestones. 
The  granulitic  structure  is  that  which  predominates,  but  it  may 
be  modified  to  that  of  the  granites,  or  even  descend  through  the 
micro-granulites  to  the  orthophyres  and  rhyolites. 

The  rocks  which  come  after  the  granites  have  usually  been 
known  in  Mexico  as  greenstones  or  green  porphyries  on  account 
of  their  characteristic  color  and  porphyritic  appearance.  To 
these  rocks  great  interest  has  long  been  attached  since  they 
lodge  the  most  important  metalliferous  veins  of  the  country.  A 
chart  showing  the  mines  of  Mexico  well  indicates  the  distribu- 
tion of  these  rocks.  Each  metalliferous  district  presents  in  the 
mass  of  its  rocks  a  similar  series  of  eruptions,  thus  indicating  a 
certain  contemporaneity  and  analogy  of  circumstances  of  out- 
flow. The  three  types  of  rocks  found  in  these  districts  in  the 
order  of  their  appearance  are :  (a)  andesites  and  green  dacites, 
(^)  rhyolites,  and  (r)  labradorites  and  basalts. 

Those  of  the  first  type  have  already  been  referred  to  as 
greenstones.  They  may  also  be  described  as  andesitic  porphy- 
rites, chiefly  of  hornblende,  and  orthophyres,  while  some  more 
nearly  resemble  the  amphibole  and  pyroxene-andesites.  All 
present  similarities  to  the  rocks  described  by  von  Richthofen 
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under  the  general  name  of  propylites,  which  are  well  known  in 
Hungary,  Transylvania,  Nevada,  and  from  some  South  American 
localities.  They  present  various  aspects  of  the  trachytic  and 
trachyto-porphyritic  structure,  a  different  quantity  and  develop- 
ment of  the  elements  of  the  first  generation  sometimes  caus- 
ing the  microlitic  magma  to  predominate  over  the  amorphous. 
An  idea  of  the  various  aspects  which  these  rocks  present  can  be 
given  by  mentioning  some  from  different  localities.  Commenc- 
ing with  the  jdacitic  types,  one  may  note  the  rock  which  occurs 
at  various  points  in  the  mining  district  of  Parral,  in  the  state  of 
Chihuahua.  It  is  dark  green  to  dull  green  in  color,  and  contains 
scattered  crystals  of  transparent  feldspar,  together  with  horn- 
blende that  to  the  naked  eye  appears  to  be  of  a  dark  green 
color,  and  lamellae  of  dark  green  mica.  The  magma  is  of  a 
character  in  part  microfelsitic  and  in  part  microlitic,  with  dis- 
seminated particles  of  yellowish  green  hornblende,  which  is  the 
mineral  which  gives  to  the  rock  its  color.  The  crystals  of 
hornblende  are  in  part  decomposed  and  do  not  always  preserve 
their  sections.  This  alteration,  either  central  or  peripheral, 
consists  of  a  transformation  to  calcite,  chlorite  and  sometimes 
to  epidote. 

To  judge  by  the  free  quartz  which  it  sometimes  contains, 
this  rock  bears  some  similarity  to  the  felso-dacites  of  propylitic 
appearance,  of  Rosenbusch,  and  may  correspond  in  part  to  the 
dacites  as  well  as  to  the  porphyrites  of  Fouque  and  L^vy  that 
are  likewise  analogous  to  some  of  the  propylites  described  by 
Zirkel  from  the  Virginia  Range.  In  the  same  region  these 
rocks  sometimes  have  a  lighter  color  owing  to  the  abundance  of 
disseminated  feldspar  crystals  which  give  a  more  marked  por- 
phyritic  appearance.  There  may  also  be  observed  with  the 
naked  eye  and  in  very  variable  quantity,  grains  of  pyrite  dis- 
seminated in  the  paste. 

In  the  region  of  Guanacevi,  Durango,  altered  andcsites  of 
green  color  form  the  rocks  of  the  first  eruption.  With  these  are 
associated  superposed  andesitic  tuffs  and  sometimes  rhyolitic 
tuffs,  likewise  green,  in  beds  of  considerable  thickness  which 
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always  contain  veins  of  epidote  visible  in  thin  layers.  The 
greater  number  of  the  mineral  veins  of  this  locality  occur  in 
these  rocks.  In  the  state  of  Sinaloa  these  greenstones  abound 
in  many  of  the  mining  districts,  but  are  more  or  less  altered  by 
the  contact  of  the  metalliferous  veins,  now  gold,  now  silver- 
bearing.  These  microlitic  greenstones  pass  sometimes  to  an 
ophitic  structure,  and  even  to  holocrystalline  rocks  of  clearly 
granitic  structure  giving  types  of  diorites  and  diabases.  In  the 
territory  of  Tepic  green  andesites  occur  in  great  quantity, 
always  with  analogous  characters.  In  the  state  of  Jalisco  green 
dacites  occur  at  the  mines  of  Los  Reyes,  San  Sebastian,  and 
Real  Alto. 

In  Fresnillo  and  Sombrcretc,  in  the  state  of  Zacatecas,  rocks 
of  similar  aspect  are  found  covered  "by  an  extensive  formation 
of  rhyolite  tuffs.'  In  the  district  of  La  Luz,  state  of  Guana- 
juato, the  small  size  of  the  mineral  elements  and  the  profound 
alteration  which  the  rocks  have  undergone  prevents  usually  an 
exact  microscopic  determination  of  the  minerals  or  the  rock 
structures.  It  is,  however,  possible  in  some  cases  to  observe 
characters  which  show  that  the  rocks  approximate  to  andcsitic 
porphyrites  or  hornblende  andesites."  It  is  interesting  to  note 
that  there  exist  great  similarities  between  the  rocks  of  La  Luz 
and  those  associated  with  the  rhyolite  tuffs  in  the  mines  of 
the  state  of  Zacatecas.  The  fine  grain  of  the  former  rock  has 
indeed  caused  it  to  be  called  a  rhyolite  tuff. 

As  regards  the  age  of  the  formations  of  La  Luz  and  those 
about  the  city  of  Guanajuato,  various  conclusions  have  been 
reached,  owing  to  the  absence  of  fossil  remains  in  the  sediments, 
as  well  as  the  complex  nature  of  the  eruptive  regions  of  the 
vicinity.  The  rocks  of  the  latter  regions,  which  include  the 
hornblende  granites  of  Santa  Ana  and  the  granites  of  the  Ser- 

^  The  rocks  classified  as  rhyolite  tuffs  are  some  of  them  andesitic  tuffs  which 
appeared  during  the  eruptions  of  andesites,  and  were  later  impregnated  with  silica, 
while  others  were  derived  from  the  eruptions  of  rhyolites. 

■  The  term  porphyritc  is  restricted  in  use  by  Ordoflez,  but  is  employed  by  him  to 
designate  Tertiary  rocks  differing  slightly  in  appearance  from  the  common  andesites 
and  showing  peculiar  alteration. 
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rania  del  Gigante,  belong  undoubtedly  to  a  pre-Cretaceous 
epoch.  Fragments  of  these  granites,  syenites,  etc.,  occur  in 
the  red  conglomerate  of  Guanajuato.  They  are  undoubtedly 
anterior  to  the  rocks  of  La  Luz,  which  may  be  considered  to  be 
recent  Tertiary. 

In  the  metalliferous  regions  of  Pachuca,  Real  del  Monte, 
and  El  Chico,  in  the  state  of  Hidalgo,  altered  pyroxene-ande- 
sites  and  dacites  of  green,  dark  and  light  gray,  and  violet  color, 
constitute  the  predominating  eruptive  rocks.  They  are  distin- 
guished from  the  rocks  previously  cited  chiefly  by  their  struc- 
ture, which  may  be  considered  as  invariably  trachyto-porphy- 
ritic ;  a  structure  produced  by  large  crystals  of  labradorite  and 
altered  remains  of  crystals  of  pyroxene.  Andesite  tuffs  like 
those  of  Guanacevi  or  rhyolite  tuffs  like  those  of  Zacatecas 
scarcely  occur  at  all.  There  are  many  other  points  along  the 
Sierra  Madre  where  the  andesitic  greenstones  occur,  chiefly  in 
the  states  of  Chihuahua,  Sinaloa,  Durango,  Jalisco,  and  the  ter- 
ritory of  Tepic.  From  these  the  regions  of  Zacatecas,  Guana- 
juato, and  Pachuca  are  somewhat  distinct  from  an  orographic 
point  of  view.  Considered  petrographically,  however,  they  are 
mountain  regions  which,  on  account  of  the  order  of  eruption  of 
their  igneous  rocks,  may  be  regarded  as  branches  of  the  Sierra 
Madre  penetrating  toward  the  interior. 

Trachytes  and  trachyte-andesites  have  in  some  of  the  locali- 
ties mentioned  immediately  succeeded  the  andesites,  either  as  a 
modification  of  the  latter  or  as  a  later  eruption.  Trachytes 
are,  however,  relatively  rare  in  Mexico,  especially  among  the 
earlier  eruptives.  They  are  more  frequent  before  the  second 
period  of  andesites  and  in  the  modern  eruptions. 

The  rhyolites  appeared  after  the  andesites,  presenting  the 
variations  common  to  rocks  of  this  type.  They  occur  in  many 
localities,  only  the  principal  ones  of  which  can  be  indicated.  In 
the  central  part  of  the  Sierra  Madre  the  rhyolites  cover  great 
areas.  Here  the  structure  passes  from  the  micro-granulitic  to  one 
entirely  vitreous  giving  obsidians  and  retinites.  The  rhyolites 
are  likewise  notably  abundant  in  many  places  of  the  Mesa  Cen- 
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tral,  where  some  of  them  may  be  considered  of  later  age  than 
those  of  the  Sierra  Madre. 

In  general  it  can  be  said  that  the  forms  of  the  mountains 
of  rhyolites  are  always  characteristic,  serving  in  many  cases  to 
foretell  their  nature,  especially  when  this  rock  occurs  alone  in 
an  extensive  portion  of  one  serrania.  Of  those  with  sharp  and 
elongated  peaks  we  have  a  good  example  in  the  peak  of  Bernal 
in  the  state  of  Queretaro.  The  extended  forms  present  us  great 
cliffs  {acantilados)  in  the  extensive  serrania  of  Valdecanas  and 
in  the  no  less  interesting  Sierra  Fria  in  the  state  of  Zacatecas. 

In  the  second  of  these  serranias,  formed  in  great  part  of 
rhyolites,  variations  of  structure  and  texture  have  brought  about 
the  formation  of  plateaus  and  dome-like  summits  and  erosion 
has  given  rise  to  broken,  fantastic  shapes.  In  this  sierra  as  in 
many  other  localities  formed  of  the  same  rock,  the  spherulitic 
rhyolites  of  slightly  coherent  or  tufaceous  paste  alternate  in  beds 
more  or  less  horizontal  or  parallel  with  petrosiliceous  rhyolites 
charged  with  quartz,  which  are  compact  and  resist  the  forces 
of  erosion.  The  result  is  an  appearance  of  steps  or  stairs  at 
different  heights  on  the  slopes  of  the  mountains.  The  surfaces 
of  the  separated  blocks,  as  a  result  of  contraction  or  atmospheric 
action,  generally  have  columnar  or  other  imitative  forms,  such 
as  arc  shown  by  some  of  the  peaks  called  The  Friars ;  a  name 
by  which  rocks  of  columnar  structure  are  designated  in  various 
parts  of  the  country. 

As  notably  spherulitic  rhyolites  can  be  mentioned  those  of 
Chichindaro,  in  the  state  of  Guanajuato,  and  those  of  San 
Ildefonso,  Tula,  Hidalgo.  There  are  spherulitic  and  perlitic 
retinites  in  Apaseo  el  Alto,  which  are  of  pretty  appearance  on 
account  of  the  contrast  of  color  which  the  gray  or  black  amor- 
phous paste  offers  to  the  generally  red  spherulitic  globules.  But 
the  most  abundant  rhyolites  are  the  petro-siliceous  rhyolites  of 
various  shades,  red,  black,  violet,  etc.,  such  as  those  of  the 
Sierra  del  Jaral  and  other  points  in  the  vicinity  of  the  regions 
of  San  Luis  Potosi,  together  with  those  of  Guanajuato,  Pozos, 
Penoles,  etc.     Some  of  the  latter  frequently  are  accompanied 
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by  retinites,  which  may  come  to  predominate,  as  in  the  hill 
Xicuco  between  Tula  and  Mixquiahuala  of  the  state  of  Hidalgo. 
The  violet-colored  rhyolites  that  occur  in  flows  in  the  Tertiary 
formations  of  the  Acacico  near  Yahualica,  Jalisco,  are  notable 
for  the  curious  forms  (axiolites)  which  the  microfelsitic  paste 
presents  under  the  microscope ;  forms  very  similar  to  those 
which  Zirkel  describes  in  a  rock  from  the  Black  Rock  Mount- 
ains, Nevada. 

In  the  central  part  of  the  country  between  the  parallels  19** 
and  21'  N.  Lat.,  a  notable  eruptive  zone  exists.  In  this  zone 
the  appearance  of  modern  eruptives  has  commenced  generally 
with  the  rhyolites,  to  which  have  succeeded  andesites  of  a  sec- 
ond eruption,  a  lesser  number  of  trachytes  and  the  labradorites 
and  basalts  which  form  the  chief  eruptions  of  the  modern  vol- 
canoes. 

The  andesites  of  the  second  epoch  always  present  characters 
by  which  they  can  readily  be  distinguished  from  those  of  the 
first.  The  orthorhombic  pyroxene,  hypersthene  occurs  fre- 
quently among  the  ferro-magnesian  elements  of  the  rocks,  now 
as  a  principal  and  now  as  an  accessory  constituent.  The  micro- 
litic  feature  so  marked  in  the  earlier  rocks  diminishes  little  by 
little  and  the  proportion  of  the  amorphous  groundmass,  always 
devitrified,  is  increased. 

A  grouping  of  the  andesites  by  regions,  subdividing  them  by 
varieties  of  structure  or  the  predominating  ferro-megnsian 
element,  is  not  practicable  on  account  of  the  constant  change 
which  occurs  in  the  nature  of  the  component  minerals  and 
degree  of  crystallization.  The  hornblende-andesites  of  a  micro- 
litic  and  felsitic  magma  sometimes  containing  quartz  (dacites) 
appear  to  have  been  erupted  immediately  after  the  rhyolites  in 
the  second  andesitic  period.  The  dacites  are  anterior  to  the 
pyroxene-andesites,  likewise  of  the  second  epoch,  as  is  shown  by 
the  frequently  observed  superposition  of  the  latter  and  by  the 
thick  sedimentary  deposits  which  have  covered  the  dacites. 
Alluvium  with  pebbles  of  dacite  is  also  found  at  great  depths  in 
the  interior  of  several  of  the  valleys.     The  hornblende-andesites 
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are  distinguished  as  a  general  rule  from  the  hornblende-andes- 
ites  of  theformer  epoch  by  the  exclusive  existence  of  gray  horn- 
blende with  strong  dichroism,  altered  often  in  the  periphery  of  the 
crystals  into  ferruginous  products.  The  colors  which  generally 
predominate  are  grayish-violet  and  red.  The  latter  color  comes 
from  the  alteration  of  the  violet  by  the  decomposition  of  the 
crystals  of  amphibole  into  oxides  of  iron  which  are  disseminated 
in  the  groundmass.  The  majority  are  of  trachyto-porphyritic 
aspect. 

Contemporaneous  with  or  perhaps  previous  to  these  andes- 
ites  should  be  noted  the  greater  part  of  the  hornblendic  or 
micaceous  trachytes  whose  number  is,  to  be  sure,  limited,  espec- 
ially if  compared  with  the  number  of  those  which  were  con- 
sidered trachytes  before  the  application  of  the  microscope. 
The  presence  of  hypersthene  in  abundance  in  andesites  marks 
the  end  of  the  andesitic  eruption,  since  such  andesites  are  seen 
alternating  with  the  basalts  of  modern  outflows. 

Hornblende-hypersthene-andesites  are  found  in  abundance 
in  many  places.  Such  are  localities  in  the  sierra  which  bounds 
the  valley  of  Mexico  on  the  west,  in  the  valley  of  Toluca  and 
in  some  parts  of  the  Sierra  Madre  of  the  state  of  Chihuahua. 
The  vitreous  types  of  these  rocks  and  some  dacites  frequently 
occur.  These  present  a  vitreous  magma  having  spherulitic  and 
perlitic  structures.  Andesitic  obsidians  with  amphibole  or  mica 
are  found  in  dikes  as  intrusives  in  the  valley  of  Mexico. 

Passing  to  the  andesites  made  up  wholly  or  chiefly  of  hyper- 
sthene, two  varieties  may  be  distinguished :  first,  those  having  a 
largely  microlitic  groundmass,  and.  second,  those  in  which  the 
amorphous  groundmass  predominates  (andesitic  obsidians).  In 
many  localities  the  two  aspects  of  structure  are  associated  and 
the  fact  that  they  grade  into  one  another  shows  that  the  differ- 
ences arise  from  variations  in  the  conditions  at  the  time  of 
eruption. 

In  the  andesitic-obsidians  the  augite  appears  successively  in 
the  first  and  second  generations  and  then  under  a  quasi-crystal 
line  form,  that  is,  as   a  simple  devitrification  of  the  amorphous 
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groundmass,  or  even  in  very  small  microlites.  The  andesitic 
eruptions  of  our  volcanoes  have  produced  these  vitreous  rocks 
charged  with  pyroxene.  Such  may  be  seen  in  the  lavas  of  the 
volcano  Colima  and  the  early  eruptions  of  Popocatepetl. 

While  andesites  of  the  vitreous  types  predominate  in  the  more 
recent  eruptions,  trachytes  of  the  vitreous  type  also  occur.  The 
lavas  of  1870  thrown  from  the  volcano  of  Ceboruco  furnish  us  a 
good  example  of  this  and  may  be  designated  as  obsidian-like 
pyroxene-trachytes.  Vitreous  trachytes  are  likewise  found  in 
the  volcanoes  of  Popocatepetl  and  Colima. 

The  presence  of  olivine  as  an  accidental  element  in  these 
rocks  gives  them  to  the  naked  eye  the  appearance  of  basalts. 
With  these  they  have  sometimes  been  confounded  owing  to  the 
similarity  of  color  and  superficially  blistered  appearance,  com- 
mon to  the  basaltic  lavas.  There  can  be  no  doubt  that  they 
pass  from  one  to  another  by  insensible  gradations  since  the 
diminution  of  oligoclase  with  the  absolute  predominance  of 
labradorite,  brings  them  to  basic  types  represented  by  labrado- 
rites  and  basalts.  Such  gradations  may  be  actually  observed 
in  some  places  in  the  valley  of  Mexico. 

After  the  hornblende-andesites,  which  seem  to  have  suc- 
ceeded the  rhyolites,  the  eruptions  continued  not  only  by  emis- 
sion of  compact  rocks,  but  also  by  an  enormous  quantity  of 
broken  products  that  were  changed  to  sediments  by  watery 
vapors  of  the  same  eruptions  and  by  atmospheric  agencies 
Thus  have  originated  those  thick  deposits  of  andesitic  tuffs, 
breccias,  etc.,  which  are  so  abundant  in  different  portions  of  the 
great  central  valleys  of  the  country.  The  more  superficial  lay- 
ers, having  the  lightness  and  fineness  of  detritus,  have  indeed 
been  confounded  at  times  with  aeolian  products. 

Lastly  may  be  noted  the  labradorites,  that  is,  basalts  con- 
taining no,  or  only  accidental,  olivine,  and  the  true  basalts  which 
occur  in  the  volcanic  regions  or  in  rare  cases  rest  upon  or  break 
through  the  Cretaceous  limestones. 

Labradorites  occur  in  contact  with  the  andesites  of  the  first 
epoch  and  rhyolites,  at  various  points  along  the  eastern  slopes  of 
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the  Sierra  Madre.  Among  these  points  may  be  mentioned  El 
Parral,  in  the  state  of  Chihuahua;  El  Nayarit,  in  the  territory  of 
Tcpic  ;  the  eastern  part  of  the  state  of  Jalisco ;  and  near  the  vol- 
cano of  Jorullo  in  the  state  of  Michoacan.  The  early  age  of 
these  labradorites  is  indicated  by  the  fact  that  olivine  is  rare 
or  absent.  In  the  modern  labradorites  it  occurs  with  more 
frequency. 

These  labradorites  frequently  exhibit  a  columnar  structure, 
the  most  striking  example  of  which  is  seen  in  the  famous  col- 
umns, 130  feet  in  length,  along  the  Barranca  of  Regla  in  the 
state  of  Hidalgo.  These  stand  upon  Tertiary  tuffs,  resting  in 
their  turn  upon  arenaceous  Upper  Cretaceous  limestones.  The 
labradorites  are  compact,  of  gray  color,  and  contain  scattered 
grains  of  olivine.  Geodes  of  zeolites  occur  in  the  columns, 
chabazite  being  most  common,  while  thomsonite  and  arragonite 
are  also  found.  The  later  series  of  labradorites  and  basalts  con- 
tinued up  to  the  latest  volcanic  eruptions.  Examples  are  found 
in  the  mountains  about  the  valley  of  Mexico,  as  in  the  Penon  de 
los  Bafios,  where  pyroxene-labradorites  in  thin  layers  exhibit 
curious  undulations.  In  some  lava  flows  near  the  volcano  of 
Ajusco  at  the  southern  part  of  the  valley  occur  labradorites 
formed  simply  by  a  marked  diminution  of  the  olivine  in  the 
basalts  which  predominate  in  the  region. 

The  vitreous  hypersthene-andesites  which  formed  the  larger 
part  of  the  early  volcanic  outflows  were  succeeded  by  basalts 
erupted  through  new  volcanic  foci.  These  exhibit  an  abun- 
dance of  olivine  in  a  microlitic  groundmass  of  labradorite  and 
pyroxene.  The  outflow  of  basalts  in  turn  ceased,  however,  and 
the  field  was  left  anew  to  the  hypersthene  rocks  which  charac- 
terize the  lavas  of  the  volcanoes  now  in  activity.  This  alterna- 
tion is  illustrated  by  contrasting  the  olivine-basalts  of  Jorullo  of 
the  middle  of  the  last  century  with  the  present  outflows  of 
Ceboruco  and  Colima  which  present  good  types  of  trachytes 
and  pyroxene-andesites  with  vitreous  groundmasses. 

In  the  northern  region  of  the  country,  over  the  Mesa  Cen- 
tral and  along  various  points  of  the  eastern  Cordillera  Madre, 
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basalts  occur  cutting  their  way  through  Mesozoic  sediments  and 
covering  the  Tertiary  eruptives.  In  the  plain  extending  to  the 
south  of  the  Cordillera  of  Mazapil  and  in  the  portion  between 
the  mountains  of  Grunidora  and  Ahorcados,  Tertiary  basalts 
come  up  through  the  schistose  Cretaceous  limestones  and  along 
the  upper  surface  of  the  latter  marked  metamorphism  has  been 
produced  by  the  contact. 

After  the  work  of  eroding  waters  had  filled  the  valley  of 
Mexico  and  made  it  habitable  by  man,  a  mighty  cataclysm 
devastated  the  southern  part  of  the  valley.  A  flow  of  basalt 
ten  miles  in  length,  accompanied  by  showers  of  ashes,  came 
from  the  volcano  of  Xitli  and  buried  much  of  the  inhabited 
region.  Hence  in  the  layers  of  pumiceous  tuffs  upon  which 
these  lavas  rest,  numerous  utensils  of  primitive  industry,  human 
bones  and  bones  of  other  modern  vertebrates  are  found.  The 
volcano  of  Toluca  had  ceased  activity  at  this  time,  but  Popocat- 
apetl  continued  to  pour  forth  eruptions  of  hypersthene-andesites. 
The  eruptions  of  the  latter  volcano  ceased  at  the  beginning  of 
this  century,  and  now  only  a  solfataric  activity  exists.  The 
same  is  true  of  the  Pico  de  Orizaba. 

About  the  middle  of  the  last  century  a  new  volcano  appeared 
in  the  Mai  Pais  in  the  state  of  Michoacan.  Its  products  were 
black  basalts  highly  charged  with  olivine.  With  this  last  vol- 
canic phenomenon  was  closed  the  prolonged  inundation  of 
basaltic  and  andesitic  lavas  which  began  to  make  itself  felt  at 

the  end  of  the  Tertiary  period. 

Oliver  C.   Farrington. 
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INTRODUCTION. 

The  recent  controversy  regarding  the  age  of  the  Potomac 
formation,  which  has  been  precipitated  as  the  result  of  the  con- 
flicting evidence  presented  by  the  palaeobotanists  and  the  verte- 
brate palaeontologists,  suggests  the  necessity  of  determining  the 

'  The  investigations  have  been  carried  on  under  the  auspices  of  the  Maryland 
Geological  Survey  and  the  Woman's  College  of  Baltimore. 
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sequence  of  the  Potomac  deposits,  together  with  the  horizons 
from  which  the  fossils  have  been  derived,  if  the  questions  at 
issue  are  to  be  finally  settled.  The  authors  of  this  paper  have 
been  engaged  upon  the  investigation  of  these  relations  during 
the  past  year,  and  believe  that  much  of  the  difference  of  opinion 
is  due  to  the  lack  of  knowledge  regarding  the  stratigraphic 
position  of  the  beds  which  have  yielded  the  various  plant  and 
animal  remains.  They  desire  at  the  outset,  however,  to  express 
their  obligations  to  their  predecessors  in  the  field,  without  the 
results  of  whose  work  their  own  investigations  would  have  been 
seriously  retarded,  if  not  rendered  entirely  abortive.  The  great 
volume  of  data  which  the  palaeobotanists  have  presented  to  us 
during  the  past  few  years,  and  the  more  meager  evidence  of  the 
vertebrate  palaeontologists,  have  been  of  signal  service  in  inter- 
preting the  stratigraphy  of  the  Potomac  formation.  It  is  a 
pleasure  to  witness  to  the  splendid  achievements  of  Professors 
Ward,  Fontaine,  and  Newberry,  in  the  study  of  the  fossil  floras, 
and  of  Professor  Marsh  in  extricating  from  poorly  fossiliferous 
beds  the  important  vertebrate  remains  which  he  states  he  has  in 
store  for  us.  The  junior  author  of  this  paper  has  also  made 
collections  of  the  flora  and  fauna  which  will  be  discussed  by  him 
in  a  subsequent  contribution. 

The  conclusions  reached  by  those  who  have  studied  these 
two  classes  of  organic  remains  may  be  briefly  stated  as  follows : 
The  palasobotanists,  largely  upon  the  discovery  of  dicotyledon- 
ous types  of  plant  life,  claim  the  Cretaceous  age  of  the  Potomac 
group,  while  Professor  Marsh  upon  the  evidence  of  the  verte- 
brate remains,  particularly  of  the  Dinosauria,  is  as  firmly  con- 
vinced of  the  Jurassic  age  of  the  deposits. 

It  seems  to  the  authors  that  the  difficulty  lies  in  the  fact  that 
each  side  has  assumed  too  largely  the  unity  of  the  Potomac 
gfroup  and  has  not  sufficiently  regarded  the  possibility  of  its  rep- 
resenting more  than  a  single  formation.  A  marked  exception 
to  this  is  found  in  the  late  work  of  Professor  Ward  who  has 
discovered  several  distinct  stages  in  the  fossil  floras — a  dis- 
crimination which   is  of  much  importance  in  determining  the 
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stratigraphic   relations  of  the  higher  portions  of  the  Potomac 
deposits. 

It  is  the  conclusion  of  the  authors,  founded  upon  a  detailed 
stratigraphic  study  of  the  Potomac  group,  that  all  the  beds 
which  have  afforded  dicotyledonous  types  of  plant  life  are  above 
those  which  have  yielded  the  vertebrate  remains,  and,  more- 
over, that  a  marked  unconformity  exists  between  the  two 
series  of  deposits.  The  evidence  for  this  conclusion  will  be 
brought  out  in  the  succeeding  pages. 

DESCRIPTION    OF    THE    DEPOSITS. 

The  several  formations  into  which  the  larger  unit  of  the 
Potomac  group  has  been  divided  are  as  follows : 

Lower  Cretaceous  -         -         /p^/'  ^"     ^™^  \oii\        Potomac 
Upper  Jurassic  (?).         -         [fa^ux^em       "         J        ^'°"P 

THE    PATUXENT   FORMATION. 

Name  and  areal  distribution,  —  The  Patuxent  formation 
receives  its  name  from  the  Patuxent  River  in  the  basin  of  which 
deposits  of  this  horizon  are  found  typically  developed.  As  the 
basal  member  of  the  Potomac  group  the  Patuxent  formation 
occupies  a  position  near  the  landward  margin  of  the  Coastal 
Plain,  although  the  higher  members  of  the  series  frequently 
overlap  it  and  are  found  resting  upon  the  crystalline  rocks  of  the 
Piedmont  Plateau  to  the  westward.  The  Patuxent  formation  has 
been  traced  as  a  narrow,  broken  belt  from  Cecil  county  across 
Harford,  Baltimore,  Anne  Arundel,  and  Prince  George's  counties 
to  the  borders  of  the  District  of  Columbia. 

leading  features  of  the  deposits, — The  deposits  of  the  Patuxent 
formation  consist  mainly  of  sand,  at  times  quite  pure  and  gritty, 
but  generally  containing  a  considerable  amount  of  kaolinized 
feldspar,  producing  a  clearly  defined  arkose.  Clay  balls  are  at 
times  distributed  in  considerable  numbers  through  the  arena- 
ceous beds,  which  in  places  contain  lenses  of  gravel,  sometimes 
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with  cobble  stones.  Frequently  the  sands  pass  over  into  sandy 
clays  and  these  in  turn  into  more  highly  argillaceous  materials 
which  are  commonly  of  light  color,  but  at  times  become  lead- 
colored,  brown  or  red,  and  not  unlike  the  variegated  clays  of 
the  Patapsco  formation.  Those  arenaceous  materials  which  lie 
adjacent  to  ferruginous  clays  are  not  infrequently  indurated  by 
hydrous  oxides  of  iron,  forming  ferruginous  sandstone.  The 
more  arenaceous  deposits  are  commonly  cross-bedded,  and  the 
whole  formation  gives  evidence  of  rapid  deposition. 

The  strike  of  the  beds  is  in  a  general  north-northeast  south- 
southwest  direction,  corresponding  to  the  eastern  border  of  the 
Piedmont  Plateau.  The  dip  of  the  strata,  so  far  as  can  be  deter- 
mined from  the  narrow  exposures  which  have  been  obtainedp 
is  probably  between  thirty  and  forty  feet  to  the  mile.  The 
irregular  character  of  the  sedimentation,  together  with  the  small 
area!  extent  of  the  deposits,  renders  it  very  difficult  to  make  any 
satisfactory  measurement. 

The  thickness  of  the  Patuxent  formation  is  rather  variable. 
but,  so  far  as  has  been  determined,  has  not  been  found  to  exceed 
150  feet,  although  it  may  be  considerably  thicker  at  some  points. 

Characteristic  local  sections, — The  deposits  of  the  Patuxent 
formation  outcrop,  among  other  places,  in  the  valley  of  the  Little 
and  Big  Patuxent  rivers,  having  been  reached  in  the  iron-ore 
openings  which  have  been  made  at  many  points  in  the  overlying 
Arundel  formation.  An  excellent  section  is  found  in  a  cutting 
on  the  Baltimore  and  Ohio  Railroad  a  short  distance  to  the 
south  of  Contee.  At  the  latter  locality  the  coarse  gravelly 
phase  of  the  formation  is  well  develo])ed,  and  is  unconformably 
overlain  by  the  iron-ore  clays  of  the  Arundel  formation.  At  the 
southern  end  of  the  cut  the  gravels  have  become  cemented  near 
the  contact  with  the  Arundel  into  a  considerable  ledge  of  con- 
glomerate, by  the  leaching  into  them  of  the  hydrous  oxide  of 
iron  from  the  overlying  deposits. 

One  of  the  most  comprehensive  sections  of  the  Patuxent 
formation  is  at  School  House  Hill,  Baltimore  county,  about  three- 
quarters  of  a  mile  northwest  of  Lansdowne  on  the  Baltimore  and 
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Ohio  Railroad,  where  a  gulch,  known  as  "Deep  Ditch,"  on  the 
southern  side  of  the  hill,  has  opened  up  one  of  the  finest  sections 
of  the  Potomac  group.     The  Patuxent,  Arundel,  and  Patapsco 


County,  !ihowinj{  Patuxent  sandi 


overlain  by  Arundel  cli 


formations  are  all   exposed  at  this  locality.     The  section  is  as 
follows : 


SKCTION  .\T  SCHOOL  HOUSE   HILL,  MAI.TIMIIRE  COUNTY. 

Patapsco.  Argillaci^ous  sands  more  or  less  iron-stained,  with  varie- 
t^ated  clays,  and  with  ferruginous  crusts ;  ash-colored,  lig- 
nitic  and  somewhat  indurated  toward  the  base;  silicitted 
coniferous  ami  cycacean  trunks. 10  ft. 

Arundel.      Sli^'htly  indurated,  ferruginous  ledge  containing  abundant 

impressions  of  moiiocolyledonous  plants.  -         -         -     I  ft. 

Drab-colored  clays,  with  beds  of  lignite,  containing 
"hrowu"  and  "while  ore,"  exhibiting  impressions  of  ferns; 
dinosaurJan  teeth;  ferruginous  ledge  at  base.     ■         -         -  Soft. 
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Patuitent,  Compact,  yellowish,  reddish,  and  variegated  sands,  locally 
carbonaceous;  brown  clays  contaioing  flakes  o£  iron  ore 
(hydrous  oxide) ;  lead-colored  clays  with  fragmentary  plant 
remains;  ferruginous  ledge  containing  pipe  ore.         -  -30 ft 

Compact  jointed  clays  of  great  variety  of  color,  red, 
lilac, and  white  predominating;  "paint  rock"  and  lenses  of 
coarse  gravel  containing  balls  of  clay  and  silicified  conifer- 
ous wood,  passing  into  -         -         -         -         -  -3oft 

Cross-bedded  sand,  slightly  carbonaceous    -        -         -  loft 

Total  thickness, I3I  ft 

The  slope  of  the  hill  is  thickly  covered  with  a  wash  com- 
posed of  highly  ferruginous  sand  charged  with  broken  crusts  of 
ironstone. 

Another  section  of  much  interest  is  found  near  Federal  Hill 
Baltimore  city,  where  the  Patuxent  sands  are  apparently  directly 
overlain  by  the  Patapsco  formation,  lenses  of  the  Arundel  for- 
mation having  been  observed  occurring  in  their  proper  strati- 
graphic  position  in  the  immediate  vicinity.  The  section  at 
Federal  Hill,  somewhat  generalized,  is  as  follows  ; 

SECTION    NEAR    FEDERAL    HILL,  BALTIMORE    CITY. 

Raritan.       Sand  and  ferruginous  sandstone  containing  silicified 

coniferous  wood J  ft.  o  in 

Carbonaceous  clays  containing  flakes  of  "white  ore''  i  ft.  4  in 

Patapsco.     Variegated  clays  with  ironstone  crusts      -        -        -  34  ft.  6  in 
"Short"  blue  slickensides  clay  with  logs  of  lignite 

and  occasional  fern  impressions                  -        -  ?  ft.  6  in. 
Fossiliferous  "slaty  clay,"   with  ferns,  eye  ads,  coni- 
fers, monocotyledons  and  dicotyledons     -         -          -  7  ft.  lO  in. 
Indurated  ferruginous  layer  containing  "  paint  rock  "  O  ft.  6  in. 
Arundel.      Represented  in  immediate  vicinity  by  lenses  of  lig- 
nitic  clay  with  nodules  of  "white  ore"  and  its 

derivatives o  ft.  o  in 

Patuxent.     White  sand 7  ft.  o  in. 

Coarse  sand  with  clay-balls 4  ft.  o  in. 

White  clay 5  fL  o  in. 

Indurated  gravel 4  ft.  o  in. 

Total  thickness 76  ft.  8  in. 
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Many  other  occurrences  of  the  Patuxent  formation  might  be 
cited  both  to  the  north  and  south  of  Baltimore,  but  enough 
have  already  been  given  to  show  its  character  and  relations. 

Fossils. — Very  few  traces  of  organic  remains  have  as  yet 
been  found  in  the  Patuxent  formation.  Those  which  have  been 
obtained  consist  of  lignetized  coniferous  wood,  and  various 
indeterminable  vegetable  fragments,  among  which  no  traces 
of  dicotyledonous  forms  have  been  observed.  A  silicified 
coniferous  trunk  has  been  found  ///  situ  at  School  House  Hill. 
One  cycad  trunk  is  also  reported  to  have  been  seen  in  place  in 
these  beds.  No  animal  remains  have  yet  been  with  certainty 
detected. 

THE    ARUNDEL    FORMATION. 

Name  and  areal  distribution, — The  Arundel  formation  receives 
its  name  from  Anne  Arundel  county  where  the  deposits  of  this 
horizon  are  well  developed.  It  has  been  traced  as  a  broken 
belt  all  the  way  from  Cecil  county  to  the  borders  of  the  District 
of  Columbia,  and  occurs  as  long  narrow  belts  that  extend  in  a 
general  northwest-southeast  direction  forming  a  low  angle  with 
the  border  of  the  Piedmont  Plateau. 

Leading  features  of  the  deposits. —  The  deposits  consist  of  a 
scries  of  large  and  small  lenses  of  iron  ore-bearing  clays  which 
occupy  ancient  depressions  in  the  surface  of  the  Patuxent  forma- 
tion. These  clays  as  most  typically  developed  (**blue  charcoal 
clays"  of  the  miners)  are  drab  colored,  tough,  and  frequently  highly 
carbonaceous,  lignitized  trunks  of  trees  and  limbs  lying  horizon- 
tally strongly  compressed  and  frequently  charged  with  or 
enclosed  by  carbonate  and  sulphide  of  iron.  Sometimes  these 
trunks  are  encountered  in  an  upright  position,  with  their  larger 
roots  still  intact.  Scattered  through  the  dark  clays  are  vast 
quantities  of  nodules  of  iron  carbonate,  at  times  reaching 
many  tons  in  weight,  and  known  to  the  miners  as  **  white  ore," 
•* hone  ore"  or  "steel  ore.'*  In  the  upper  portions  of  the  for- 
mation which  have  been  exposed  to  atmospheric  influences  the 
carbonate  ores  have  sometimes  to  considerable  depth  changed 
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to  hydrous  oxides  of  iron,  which  the  miners  recogni/e  under 
the  name  of  "brown"  or  "red"  ore.  Under  these  conditions 
also  the  originally  drab-colored  clays  containing  the  carbonate 


ores  have  suffered  a  like  clieniical  change,  resulting  in  red  or 
variegated  clays.  Where  these  clays  chance  to  contain  but 
little  lignite  the  iron  ore  may  consist  almost  entirelv  of  these 
oxides. 

The  peculiar  relations  which  the  Arundel  formation  presents 
to  the  other  members  of  the  Potomac  group  render  it  difficult  to 
say  much  regarding  the  strike  and  dip  of  the  deposits,  although 
the  fact  that  they  He  exposed  in  depressions  upon  the  surface  of 
the  Patuxent  formation  renders  it  probable  that  these  features  do 
not  differ  materially  from  that  observed  in  the  other  formations. 

The  lenses  vary  greatly  in  thickness,  and  from  their  charac- 
ter are  at   times  lacking  in   portions  of  the  country.     The  esti- 
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Fig.  3.     Atundel  Connalion  showing  nodule:;  of  "  white  »te  "  at  Keynold's  Min 
A  Dae  Arundel  County. 
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Many  other  characteristic  local  sections  might  be  given, 
since  the  Arundel  formation  has  been  opened  at  numerous 
points  for  iron  ore.  Lenses  have  been  observed  among  other 
places  at  the  head  of  Elk  River  neck  in  Cecil  county,  in 
the  vicinity  of  Joppa,  Harford  county,  on  Stemmers  Run, 
Baltimore  county,  at  Locust  Point,  Baltimore  city,  and  at 
numerous  localities  in  Anne  Arundel  and  Prince  George's 
counties. 

Fossils. — Animal  and  plant  remains  have  been  observed  at 
several  localities  in  the  Arundel  formation.  The  Muirkirk  area 
has  afforded  much  the  largest  number.  It  was  in  this  section 
that  the  vertebrate  and  cycadean  remains  of  the  Potomac  group 
were  first  discovered  by  Mr.  Philip  T.  Tyson.  Later  Professor 
O.  C.  Marsh  of  New  Haven  made  extensive  collections  at  this 
locality  and  upon  this  material  based  his  conclusions  regarding 
the  age  of  the  Potomac  group.  The  vertebrate  fossils  consist 
largely  of  Dinosauria. 

The  plant  fossils  consist  of  ferns,  conifers  and  mono- 
cotyledons. No  dicotyledonous  forms  have  yet  been  recog- 
nized. 

THE    PATAPSCO    FORMATION. 

Name   atid  ureal  distribution.  —  The    Patapsco    formation   is 

so  called  from  its  typical  occurrence  in  the  valley  of  the 
Patapsco  River.  It  extends  entirely  across  the  state  from  the 
Delaware  border  to  the  Potomac  River,  and  throughout  this 
distance  is  one  of  the  most  important  members  of  the  Potomac 
group.  It  has  a  much  larger  areal  extent  than  either  of  the 
two  formations  before  described,  and  in  places  overlaps  them, 
resting  directly  upon  the  crystalline  rocks  of  the  Piedmont 
Plateau. 

Leading  features  of  the  deposits. — The  deposits  of  the  Patapsco 
formation  consist  chiefly  of  highly  colored  and  variegated 
clays  which  grade  over  into  lighter  colored  sands  and  clays, 
while  sandy  lenses  of  coarser  materials  are  sometimes  interstrati- 
fied,  which  are  occasionally  indurated   and  at  times  form  **pipe 
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ore."  The  clays  are  in  places  dark  colored,  massive  and 
more  or  less  lignitic.  At  times  they  are  laminated  (** slaty") 
and  bear  large  numbers  of  leaf  impressions.  Fossiliferous 
flakes  and  nodules  of  ** white"  and  **red  ore"  also  occasionally 
occur.  The  sands  sometimes  contain  much  decomposed  feld- 
spar, and  rounded  lumps  of  clay  are  also  found.  The  sands  are 
frequently  cross-bedded  and  give  evidence  of  rapid  deposition. 
Workable  beds  of  **  paint  rock,"  as  the  highly  ferruginous  clays 
are  termed,  are  found  at  many  points,  usually  near  the  base  of 
the  formation. 

The  strike  of  the  formation  has  a  general  north-northeast 
south-southwest  direction,  following  the  eastern  margin  of  the 
Piedmont  Plateau.  The  dip  of  the  beds  is  somewhat  less  than 
that  of  the  underlying  formations,  the  deposits  of  the  Patapsco 
formation  transgressing  the  older  strata,  and  as  a  result  often 
come  to  lie  directly  upon  the  crystalline  rocks  to  the  west- 
ward. 

A  very  marked  unconformity  is  found  between  the  deposits 
of  the  Patapsco  and  underlying  formations.  The  thickness  of 
the  formation  is  estimated  to  reach  fully  200  feet. 

Cliaracteristic  local  sections, —  In  addition  to  the  several  char- 
acteristic sections  which  have  been  already  given,  in  which 
deposits  of  the  Patapsco  formation  are  found  represented,  the 
highly  important  locality  of  Cedar  Hill  in  the  area  of  Timber 
Neck  in  Anne  Arundel  county  is  also  described.  The  section 
is  on  Licking  Run  one  mile  southwest  of  Hanover  and  is  as 
follows : 

SECTION  AT  CEDAR  HILL,  ANNE  ARUNDEL  COUNTY. 

Raritan.       Reddish  sands,  somewhat  gravelly,  containing  "  pipe  ore  "     1 2  ft. 

Patapsco.     White,  red  and  brown  sands,  more  or  less  argillaceous, 

containing  clay  pellets      -         -         -         -         -         -     20  ft. 

Arundel.      Drab  colored  pyritous  clays  with  beds  of  lignite ;    pellets, 

nodules  and  flakes  of  carbonate  of  iron  ("white  ore")  100  ft. 

White  clay  (in  bed  of  Licking  Run)         -         -         -         -       5  ft. 
Total  thickness 137  ft. 
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Another  interesting  section  is  found  on  the  opi>osite  side  of 
Licking  Run  in  Reynold's  "Spring  Drain"  mine,  where  the 
basal  member  of  the  Patapsco  formation  consists  of  a  ledge  of 


ferruginous  conglomerate  and  is  found  lying  unconformably 
upon  the  .Arundel  iron  ore  clays  below.  Innumerable  sections 
of  the  I'atapsco  deposits  are  found  in  other  mines  and  along 
the  streams,  railroads,  and  highways  which  cross  this  region. 

Fossils. — The  fossils  which  have  been  found  in  the  Patapsco 
formation  consist  chiefly  of  plant  remains.  A  few  poorly  pre- 
served niolluscan  shells  have  been  observed  but  no  study  has 
yet  been  given  to  them.  No  dinosaurian  remains  have  yet  been 
with  certainty  detected. 

The  |)lant  remains  consist  mainly  of  ferns,  cycads,  conifers, 
monocotyledons  and  dicotyledons.  The  dicotyledonous  forms 
arc  not   uncommon  and  according  to  Professor  Lester  F,  Ward 
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who  has  made  a  very  exhaustive  study  of  the  flora  from  this 
horizon,  represent  among  their  number  a  few  archaic  types, 
while  others  approach  quite  closely  to  modern  types  of  %'ege- 
tation. 

THE    RARrTAN    FORMATION. 

Name  and  areal  distribution. — The  Raritan  formation  receives 
its  name  from  the  Raritan  Bay,  New  Jersey,  where  the  deposits 
of  this  formation  are  typically  developed.  The  name  was  giveo 
by  the  senior  author  of  this  paper  in  the  annual  report  of  the 
state  geologist  of  New  Jersey  for  1 892  although  the  term  Raritan 
clays  had  been  somewhat  loosely  used  for  deposits  of  this  age 
by  earlier  writers. 

The  Raritan  formation  extends  as  a  constantly  narrowing 
belt  from  northern  New  Jersey  into  Maryland  and  disappears  by 
the  transgression  of  the  upper  Crcteaccous  formations  near  the 
borders  of  the  District  of  Columbia. 

Leading  features  of  the  deposits. — The  deposits  of  the  Raritan 
formation  consist  of  sands  and  clays,  the  former  largely  pre- 
dominating in  the  upper  portion  of  the  formation.  The  sands 
are  frequently  very  pure  and  white  but  at  times,  especially  in 
the  lower  portion  of  the  formation  are  more  or  less  colored  and 
indurated  by  hydrous  oxide  of  iron  which  produces  the  char- 
acteristic tube-like  structure  which  is  known  as  "pipe  ore,' 
The  indurated  beds  are  well  exhibited  at  Rocky  and  Stony 
creeks  on  the  south  side  of  'he  I'atapsco  River,  and  at  White 
Rocks  in  the  immediate  vicinity.  The  latter  locality  afforded  the 
name  of  "Albirupean"  which  was  applied  by  Professor  Uhler  to 
the  upper  portions  of  the  Potomac  group. 

The  clays  are  generally  of  very  light  color  but  at  times 
become  dark  colored  in  the  leaf-bearing  zones.  Beds  of  brown, 
black  or  earthy  lignite,  containing  much  pyrites,  and  occasion- 
ally amber  (Cape  Sable,  Magothy  River),  have  been  observed  at 
a  few  points.  The  clays  are  generally  more  or  less  arenaceous 
and  grade  over  into  the  sandy  deposits  which  largely  character- 
ize this  formation. 
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The  strike  of  the  beds  is  in  a  generally  north-northeast  to 
south-southwest  direction,  corresponding  to  the  Patapsco  for- 
mation  already   described.     The  dip  of  the  strata  is  probably 
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slightly  less  than  that  of  the  underlying  formation,  and  a  slight 
transgression  is  noticeable  to  the  northward. 

The  thickness  of  the  Raritan  formation  in  central  Maryland 
is  probably  not  far  from  500  feet.  It  declines  in  thickness 
gradually  to  the  southward  where  it  finally  disappears  near  the 
limits  of  the  district  of  Columbia. 

Chanicteriitk  local  sections. — Very  characteristic  sections  of 
the  Raritan  formation  are  shown  in  the  bluffs  of  the  Severn 
River  in  the  vicinitv  and  about  Round  Bay.  On  Rocky  I'oint 
just  above  Round  Hay  an  excellent  exposure  of  the  Raritan 
sands  with   the  intcrbcdded  clays  is  exhibited,  with  a  capping 
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of   marine    Cretaceous.     The    section    at    this   point  is  as   fol- 
lows : 

ROCKY    POINT,    ROUND    BAY,    SEVERN    RIVER. 

Matawan.       Black  laminated  sands  highly  weathered,  producing 

a  reddish  and  grayish  motted  appearance  lo  ft. 

Raritan.  Coarse,  gritty  sands  with  lenses  of    clay  ;    the  sand 

cross-bedded  and  often  indurated,  forming  heavy 
ledges  of  ironstone  30  ft. 

Total  thickness  40  ft. 

Other  excellent  sections  are  seen  on  the  Magothy  River,  on 
the  Lower  Patapsco  and  its  tributaries,  on  Elk  Neck,  and  near 
the  mouth  of  the  Sassafras  River,  in  which  very  much  the  same 
characters  are  exhibited.  The  light  colored  sand^  are  espe- 
cially well  developed  on  Elk  Neck  where  they  attain  a  very 
great  thickness. 

Fossils. — The  fossils  of  the  Raritan  formation  consist  mainly 
of  plant  remains.  Several  brackish  water  molluscan  shells  have 
been  obtained  from  the  Raritan  formation,  farther  to  the  north 
in  New  Jersey  and  it  is  not  improbable  that  the  same  may  be 
observed  in  Maryland  when  the  deposits  have  been  further 
studied.  The  fossil  plants  include  dicotyledons  of  much  more 
recent  affinities  than  those  of  the  Patapsco  formation,  the  break 
between  the  two  floras  being  very  marked. 

INTERPRETATION    OF    THE    DEPOSITS. 

The  interpretation  of  the  Potomac  group  involves  the  con- 
sideration of  the  sedimentation  and  structural  relations  of  the 
deposits  as  well  as  of  the  entombed  fossils,  and  each  has  an 
important  bearing  in  the  elucidation  of  the  other.  The  con- 
ditions of  sedimentation  explain  in  no  small  degree  the  char- 
acter of  the  fauna  and  flora  while  their  features  likewise  throw 
light  upon  the  physical  conditions  which  existed  during  Potomac 
time. 

Sedimentation  and  structural  relations, — The  sedimentation  of 
this  period  can  best  be  understood  after   an    examination    of 
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the  physical  conditions  which  prevailed  during  the  time  immedi- 
ately prccedinff  the  opening  of  Potomac  deposition.  The  results 
of  recent  work  in  the  study  of  the  physiogra})liy  of    the    North 


American  continent  during  the  Mesozoic  show  that  the  eastern 
side  of  the  country  had  been  largely  base-leveled,  so  that  a  long 
period  of  rock  disintegration  preceded  the  Potomac.  With  the 
advent  of  this  period  the  land  was  tilted  southeastward,  and  the 
increasing  erosion  brought  about  by  this  movement  afforded 
the  deposits  of  the  Potomac  group.  That  this  movement  was 
not  continuous  or  persistent  in  the  same  direction  is  evidenced 
by  the  varying  character  of  the  deposits  which  have  been  already 
described.  With  the  close  of  Potomac  sedimentation  a  gradual 
transgres.sion  of  the   later  marine  formations  across  the  margin 
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of  the  Potomac  group  took  place,  by  means  of  which  the  higher 
strata  were  gradually  cut  off  to  the  southward.  The  details 
of  this  transgression  will  be  further  explained  in  the  subsequent 
pages. 

The  basal  deposits  of  the  Potomac  group,  which  have  been 
described  under  the  name  of  the  Patuxent  formation,  indicate 
in  their  arkosic  character,  their  proximity  to  the  ancient  con- 
tinent, the  rocks  of  which  had  suffered  extensive  disintegration. 
These  features  so  pronounced  where  the  deposits  lie  adjoining 
gneissic  or  granitic  rocks  largely  disappear  where  these  rocks 
are  poorly  developed  and  where  the  deposits  themselves  were 
evidently  laid  down  at  some  distance  from  the  old  shore  line. 
Rapid  deposition  in  shallow  waters  is  seen  in  the  cross-bedded 
character  of  the  strata  and  their  rapid  change  in  character 
The  appearance  of  clay  balls,  so  widely  disseminated  at  certain 
points,  as  above  described,  indicates  the  shallowing  of  the  seas 
and  the  breaking  down  of  pre-existing  clay  beds  by  wave  action 
and  the  incorporation  of  the  rolled  materials  by  the  later 
deposits. 

The  close  of  the  Patuxent  epoch  was  evidently  marked  by  a 
gradual  elevation  of  the  deposits  and  the  trenching  of  the  surface 
by  streams,  so  that  a  series  of  broad,  shallow  valleys  was  formed 
While  this  was  going  forward,  a  landward  depression  of  the  con» 
tinent  border  evidently  took  place,  producing  series  of  long 
marshes  in  the  ancient  valleys,  in  which  sedimentation  was  slow 
and  in  which  swamp  vegetation  flourished.  The  tough  clays, 
filled  with  lignitic  accumulation,  in  which  the  tree  trunks  are 
sometimes  found  erect,  with  their  roots  still  intact,  can  hardly 
find  a  satisfactory  explanation  upon  any  other  basis.  It  was  in 
these  ancient  marshes  that  the  iron  was  deposited.  It  is  also 
probable  that  some  connection  existed  between  these  marshes 
and  the  area  of  basic  eruptive  rocks  of  central  and  northern 
Maryland.  It  was  in  these  marshes  that  the  bones  of  Dinosauria 
became  entombed  which,  with  the  evidences  of  dense  vegeta- 
tion, suggests  a  sub-tropical  climate. 

The  marked  line  of  unconformity  separating  the   Patapsco 
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formation  from  the  two  basal  members  of  the  Potomac  group 
points  to  elevation  after  the  close  of  the  Arundel  epoch  and  to  a 
prolonged  period  of  denudation.  A  striking  feature  of  this 
erosion  is  the  greater  resistance  which  the  Arundel  clays  pre- 
sented when  compared  with  the  deposits  of  the  Patuxent  forma- 
tion. The  partially  eroded  clay  lenses  which  project  above  the 
com.non  line  of  contact  can  readily  be  explained  upon  these 
grounds.  It  was  over  this  uneven  surface  that  the  deposits  of 
the  Patapsco  formation  were  spread,  reaching  far  beyond  their 
western  limits  until  they  rested  directly  upon  the  crystalline  rocks 
of  the  Piedmont  Plateau.  Their  materials,  so  largely  arkosic  in 
the  vicinity  of  the  feldspathic  rocks  (gneiss  and  granite),  point 
to  the  rapid  stripping  off  of  the  disintegrated  surface  materials, 
and  their  deposition  along  the  continent  border.  To  how  large 
an  extent  subsequent  disintegration  has  kaolinized  these  mate- 
rials it  is  difficult  to  determine,  but  that  they  had  been  exten- 
sively weathered  prior  to  their  removal  seems  justified.  The 
highly  colored  and  variegated  clays  which  were  evidently  formed 
in  the  quieter  and  deeper  waters  of  the  Patapsco  epoch  bear 
some  relation  to  the  great  belts  of  basic  eruptive  rocks  which  lie 
to  the  west  and  north  of  them.  This  phase  of  sedimentation  is 
much  more  marked  in  central  Maryland  where  the  rocks  of  this 
character  are  most  highly  developed  and  where  the  proximity  to 
the  eastern  margin  of  the  Piedmont  belt  is  most  apparent.  It  is 
also  probable  that  these  highly  colored  clays  were  in  part 
derived  from  the  weathered  surface  of  the  Arundel  iron-ore 
beds. 

The  unconformity  separating  the  Raritan  from  the  under- 
lying deposits  is  less  prominent  than  that  which  has  been  above 
described  at  the  base  of  the  Patapsco  formation,  although  the 
gradual  thinning  of  the  Patapsco  along  its  western  margin  and 
the  overlapping  of  the  Raritan  points  strongly  toward  a  struc- 
tural break.  The  Raritan  deposits  also  obliquely  transgress  the 
other  materials  of  the  Potomac  group  northward  until  in  the 
Delaware  valley  they  come  to  rest  directly  upon  the  crystalline 
rocks  of  the  Piedmont  belt.     The  thick  deposits  of  sand  and 
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up  of  a  series  of  formations,  containing  clearly  defined  faunas 
and  floras,  and  separated  by  marked  structural  breaks  at  various 
points.  It  is  necessary,  therefore,  to  correlate  each  division  of 
the  group  upon  its  own  merits,  and  not  upon  the  floral  or  faunal 
relations  of  the  underlying  and  overlying  formations. 

The  absence  of  knowledge  regarding  the  character  of  the 
organic  remains  entombed  in  the  Patuxent  formation  renders  it 
impossible  to  speak  with  definiteness  regarding  the  age  of  this 
division.  Its  position  beneath  the  Arundel  beds  and  the  physi 
cal  relations  which  it  holds  to  this  formation  render  it  probable 
that  they  must  both  be  assigned  to  approximately  the  same 
position  in  the  geological  time  scale.  The  Arundel  formation 
has  afforded  a  number  of  vertebrate  forms,  largely  Dinosauria, 
which  Professor  Marsh  regards  as  indisputable  proof  of  the 
Jurassic  age  of  the  deposits.  The  fossil  plants  which  have  been 
hitherto  found  in  this  formation  are  altogether  in  harmony  with 
this  view.  No  dicotyledonous  types  have  been  observed,  while 
the  ferns,  conifers  and  monocotyledons  could,  so  far  as  at  present 
known,  be  as  well  referred  to  the  Jurassic  as  to  a  later  horizon. 
The  evidence  afforded  by  the  vertebrate  fossils  is  unfortunately 
incomplete  as  but  few  forms  have  as  yet  been  figured  and  des- 
cribed, although  Professor  Marsh  states  that  he  possesses  a  large 
amount  of  unpublished  material  which  fully  corroborates  the  views 
which  he  has  promulgated  regarding  the  age  of  these  beds.  Pro- 
fessor Marsh  admits  the  equivalence  of  these  beds  with  portions 
at  least  of  the  Wealden  formation  of  Europe  which  most  authorities 
refer  to  the  Cretaceous.  The  final  interpretation  of  the  verte- 
brate fauna  evidently  involves,  therefore,  the  determination  of 
the  upper  limits  of  the  Jurassic  itself  rather  than  the  correlation 
of  the  Potomac  group  simply,  and  this  article  is  hardly  the  place 
to  discuss  the  merits  of  so  broad  a  question.  It  is  not  impossible, 
however,  that  portions  of  the  Potomac  as  well  as  the  Wealden 
may  antedate  the  oldest  known  marine  Cretaceous,  and  for  that 
reason  as  well  as  on  account  of  the  distinguished  authority  of 
Professor  Marsh  the  Patuxent  and  Arundel  formations  are  pro- 
visionally referred  by  the  authors  to  the  Jurassic.     The  discov- 
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cry  of  vertebrate  remains  of  Jurassic  aflfinitics  in  these  forma- 
tions is  not,  however,  suflficient  grounds  for  the  reference  of  the 
entire  Potomac  group  to  the  Jurassic  period. 

The  Patapsco  formation  has  afforded  a  rich  flora  in  which 
dicotyledonous  types  are  not  uncommon.  The  fact  that  dicoty- 
ledonous forms  have  never  been  found  elsewhere  in  rocks  earlier 
than  the  Cretaceous  is  strong  presumptive  evidence  of  the 
Cretaceous  age  of  these  deposits ;  at  the  same  time  the  fact  that 
many  other  forms  are  identical  or  closely  related  to  those  of 
European  horizons,  generally  referred  to  the  Cretaceous,  further 
substantiates  this  view.  It  is  the  opinion  of  Professor  Ward, 
who  has  exhaustively  studied  the  flora  of  this  formation,  that  it 
is  ecjuivalent  to  the  lower  divisions  of  the  Lower  Cretaceous  of 
Europe.  Professor  Ward  has  divided  what  the  authors  here 
recognize  as  a  single  stratigraphic  unit  into  several  zones,  each 
with  its  characteristic  plant  forms,  which,  he  states,  give  evi- 
dence of  constantly  progressive  types  in  passing  from  the  lowest 
to  the  highest  members  of  the  series.  Whether  these  different 
zones  represent  a  sequence  of  floras,  or  to  a  considerable  extent 
local  aggregations  of  forms  under  different  physical  conditions 
but  of  ecjuivalent  age,  the  authors  are  unable  to  determine, 
although  they  strongly  incline  to  the  latter  view.  The  abun- 
dance of  vegetation  having  a  prominent  cycadcan  element  sug- 
gests a  repetition  of  the  mild  climatic  conditions  which  prevailed 
during  the  Arundel  deposition. 

The  fossils  of  the  Raritan  formation  are  in  the  main  distinct 
from  those  of  the  Patapsco  and  include  a  large  assemblage  of 
dicotyledonous  types  with  much  more  modern  affinities.  Simi- 
lar forms  are  found  in  the  Tuscaloosa  beds  of  the  south,  and 
it  is  the  belief  of  Professor  Ward  that  these  deposits  repre- 
sent the  Raritan  formation  in  the  north.  The  Raritan  beds 
show  strong  floral  affinities  with  the  upper  portions  of  the  lower 
Cretaceous  of  Europe  (Albian),  and,  according  to  Professor 
Ward,  it  is  not  impossible  that  the  higher  members  of  this  for- 
mation to  the  north  of  New  Jersey  may  even  represent  the  basal 
portions  of  the  upper  Cretaceous  as  well  (Cenomanian). 
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The  Patapsco  and  Raritan  formations  have  afforded  no 
animal  remains  which  are  of  determinative  value ;  the  fossil 
plants  all  point  strongly  to  the  lower  Cretaceous  age  of  the 
beds.  So  large  an  amount  of  evidence  has  been  brought  for- 
ward in  support  of  this  view  by  Professors  Ward,  Fontaine  and 
Newberry,  that  the  authors  have  no  hesitancy  in  accepting  their 
conclusions,  and  these  two  formations  are  therefore  placed  in  the 
Cretaceous. 

THE    TAXONOMIC    VIEWS    OF    OTHER    WRITERS. 

The  earlier  writers  did  not  differentiate  the  Mesozoic  deposits 
of  the  middle  Atlantic  slope  into  independent  formations.  For 
many  years  the  basal  clays  and  sands,  which  border  the  crystal- 
line rocks  of  the  Piedmont  Plateau  on  the  east,  were  considered 
the  eastern  equivalent  of  the  red  sandstones  and  shales  with 
their  enclosed  coals  farther  west. 

Professor  W.  B.  Rogers,  state  geologist  of  Virginia,  first 
sharply  differentiated  the  eastern  deposits  from  the  western,  and 
described  the  former  under  the  name  of  the  **  Upper  Second- 
ary"' in  his  state  report.  In  later  articles  Professor  Rogers 
refers  these  deposits  **at  least  in  part  to  the  horizon  of  the 
Upper  Jurassic.  Possibly  we  may  find  here  a  passage  group 
analogous  to  the  Wealden  of  British  Geology.'*'  On  his  geo- 
logical map  of  the  Virginias,  and  in  his  more  recent  publications, 
the  deposits  of  the  Potomac  group  are  referred  to  as  the 
**  Jurasso-Cretaceous.** 

In  the  reports  of  Professor  J.  T.  Ducatel,  who  was  state 
geologist  of  Maryland  between  the  years  1834  and  1841,  com- 
paratively little  attention  was  given  to  the  clays  and  sands  at 
the  base  of  the  Coastal  Plain  series,  and  neither  their  strati- 
graphic  nor  taxonomic  position  was  clearly  defined.  The 
reestablishment  of  oflficial  geological  work  in  Maryland  by 
Philip  T.  Tyson,3  who.  as   state  agricultural   chemist,  published 

*  Geology  of  the  Virginias.     Report  of  1840,  p.  438. 

^Cicology  of  the  Virginias,  p.  712. 

^  First  Kept.  State.  Agri.  Chem.,  i860,  pp.  41-43. 
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his  first  report  in  i860,  led  to  a  much  fuller  description  of  the 
Potomac  deposits.  He  recognized  two  divisions  in  these  basal 
strata,  although  his  descriptions  do  not  make  it  altogether  clear 
that  he  understood  their  stratigraphic  relations.  He,  however, 
differentiated  the  ** Iron-ore  Clays"  which  he  described  and 
mapped  as  distinct  from  another  member  composed  of  variegated 
materials  (**a  thick  group  of  sands  and  clays  of  various  colors"). 
He  stated  that  this  latter  member  in  places  abounded  in  lignite 
derived  from  coniferous  plants,  and  in  places  contained  beds  of 
ferruginous  sandstone.  These  deposits  were  referred  with  the 
sandy  clays  and  greensand  above  them  to  the  Cretaceous  or 
Upper  Secondary.  In  his  second  report,  published  in  1862,  he 
referred  the  **  Iron-ore  Clays,"  on  the  supposed  occurrence  of 
fossil  cycads  in  the  beds,  to  the  **  Oolitic  period." 

In  the  ** Memoir  of  the  Geological  Survey  of  Delaware,"* 
published  by  Professor  J.  C.  Booth,  the  state  geologist  of  Dela- 
ware, in  1 84 1,  the  deposits  which  we  are  now  considering  were 
denominated  the  **Red  Clay  formation,"  and  together  with  the 
"Greensand  formation"  above  them  classed  as  ** Upper  Second- 
ary Deposits." 

Professor  H.  D.  Rogers,  who  published  reports  upon  the 
geology  of  New  Jersey  in  1836  and  1840,  described  the  deposits 
of  that  region  as  ** Clays  and  Sands"  without  clearly  defin- 
ing their  stratigraphic  relations.  Upon  the  organization  of 
the  second  Geological  Survey  of  New  Jersey  in  1854  under  the 
direction  of  Wm.  Kitchell,  Professor  George  H.  Cook  began  his 
extended  investigations  of  the  Coastal  Plain  series  of  that  state. 
At  a  later  period,  as  state  geologist,  he  elaborated  and  classi- 
fied these  deposits  in  a  manner  that  for  many  years  met  with 
wide  acceptance.  This  classification  is  given  in  much  detail  in 
the  Geology  of  New  Jersey  published  in  1868.''  The  lowest  of 
these  formations  is  described  bv  Professor  Cook  under  the  name 
of  ** Plastic  Clays"  and  referred  by  him  to  the  Cretaceous. 

Little  further  attempt  was  made  at  the  investigation  of  the 

'  Mem.  Geol.  Surv.  Del.,  pp.  3S-43. 
■Geology  of  New  Jersey  1868,  pp.  249-257. 
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Potomac  deposits  until  almost  within  the  last  decade.  In  1885 
Professor  R.  P.  Whitfield,  as  the  result  of  several  years*  study, 
published  an  important  monograph  upon  **The  Brachiopoda  and 
Lamellibranchiata  of  the  Raritan  Clays  and  Greensand  Marls  of 
New  Jersey,"  in  which  several  Lamellibranchs  from  the  "Plastic 
Clays  "  of  Professor  Cook  are  described.  While  the  investiga- 
tions leading  up  to  Professor  Whitfield's  report  were  in  progress 
Professor  William  M.  Fontaine,  of  the  University  of  Virginia, 
began  his  elaborate  study  of  the  Mesozoic  flora  of  Virginia. 
The  published  account  of  this  work,  however,  did  not  appear 
until  after  the  important  stratigraphic  study  of  Professor  W  J 
McGee,  of  the  United  States  Geological  Survey,  which  began  a 
few  years  subsequently. 

The  investigations  of  Professor  McGee  upon  the  Potomac 
deposits  were  seriously  commenced  in  the  summer  of  1885,  and 
were  participated  in  by  Professor  L.  F.  Ward,  of  the  United 
States  Geological  Survey,  and  these  gentlemen  also  co5perated 
soon  after  with  Professor  Fontaine.  Some  preliminary  work 
had  already  been  done  by  Professor  McGee'  in  the  previous 
year  and  the  name  **  Potomac  formation"  proposed.  Professor 
McGee  continued  his  investigations  of  the  Potomac  formation 
during  several  years,  and  published  a  number  of  important 
papers  regarding  its  stratigraphic  features,  the  most  compre- 
hensive of  these  being  entitled  **  Three  Formations  of  the  Middle 
Atlantic  Slope."' 

During  this  same  period  Professor  P.  R.  Uhler,^  of  Baltimore, 
investigated  the  relations  of  the  Potomac  deposits  in  the 
Patapsco  basin  of  central  Maryland  and  proposed  the  division  of 
these  basal  deposits  into  a  lower  member  which  he  called  the 
**  Haltimorean,"  and  an  upper  member  which  was  designated  the 
** Albirupean."  In  later  publications*  the  term  Potomac  was 
accepted  as  the  equivalent  of  the   Baltimorean,  and  the  "Alter- 

»Rcpt.  Health  Officer,  Dist.  Columbia  1884-5  (1886),  p.  20. 
•Amer.  Jour.  Sci.,  .3d  scr.  Vol.  XXXV,  1888,  pp.  120-143. 
sProc.  Amer.  Phil.  Soc,  Vol.  XXV,  1888,  pp.  42-53. 
<Md.  Acad.  Sci.,  Vol.  I.  1892,  pp.  185-202. 
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nate  Clay  Sands"  placed  at  the  top  of  the  group  as  part  of  the 
Albirupean. 

The  senior  author  of  this  paper,  in  a  study  of  the  Coastal 
Plain  formations  of  New  Jersey,  proposed  in  [S92  the  name 
"Raritan  formation"'  for  the  "Plastic  Clays"  of  Professor 
Cook,  the  term  Raritan  having  been  somewhat  loosely  used  by 
several  authors  in  earlier  years  in  speaking  of  the  clay  deposits 
of  this  formation. 

Mr.  N.  H.  Darton,'  of  the  United  States  Geological  Survey, 
as  a  result  of  his  study  of  the  Coastal  Plain  in  southern  Mary- 
land, differentiated  a  part  of  the  sands  at  the  top  of  the  Potomac 
group  as  the  "Magothy  formation."  which  he  considered  might 
be  equivalent  to  Professor  Uhler's  "Alternate  Ciav  Sands." 

The  elaborate  investigations  of  Professor  Ward,  which  began 
as  already  described  in  1885,  have  been  continued  to  the  present 
day.  His  exhaustive  researches  upon  the  fossil  plants  in  the 
Potomac  group  have  added  largely  to  our  knowledge  of  that 
formation.  His  most  important  publication' appeared  in  1895, 
in  which  the  Potomac  formation  is  subdivided  into  a  number  of 
series,  viz.: — 

Albirupean   Series,  Newer  Polomac. 

Iron    Ore 

Aquia  Creek    "  ! 

Ml.  Vernon      '■  ;-  Older  Poiomac. 

Rappahannock  Series, 

James  River  " 

The  interest  aroused  in  the  age  of  the  Potomac  formation 
led  to  the  collection  by  Mr.  J.  B.  Hatcher  under  the  direction  of 
Professor  O.  C.  Marsh*  of  the  United  States  Geological  Survey 
of  vertebrate  remains  from  the  iron  ore  beds  in  the  vicinity  of 
Muirkirk,  Prince  George's  county,  Maryland.  Upon  the  basis 
of  these  remains  Professor  Marsh  has  unequivocally  referred 
the  Potomac  group  of  Maryland  to  the  Jurassic.     He   has  sub- 

■Ann.  Repl.  Sute  Geol.,  N.  ].,  1891  (1893).  pp.  181-186. 

■Amer.  Jour.  Sd.,  3d  ser..  Vol.  XLV,  1893,  pp.  407-419, 

JlSth  Ann.  Kept.  Dir.  U.S.  Geo).  Survey  1893-4  (18951,  pp.  307-397. 

<Aroer.  Jour.  Sd..  3d  ser.,  Vo[.  XXXI,  1888,  pp.  8q-97- 
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sequently  placed  all  of  the  Coastal  Plain  deposits  beneath  the 
marine  Cretaceous  in  the  same  geologfic  division.'  Professor 
Marsh  claims  the  more  recent  discovery  of  a  large  amount  of 
vertebrate  material  which  throws  much  light  upon  the  age  of 
the  Potomac  formation  and  which  he  proposes  shortly  to  describe. 
The  last  contribution  of  Professor  Marsh  brought  about  an 
extended  discussion  regarding  the  age  of  the  Potomac  group 
which  was  participated  in  by  Messrs.  Gilbert,'  Marcou,^  Hollick, 
Hill,*  and  Ward.' 

The  important  postumous  work  of  Professor  J,  S.  Newberry 
entitled  "The  Flora  of- the  Amboy  Clays"*  is  a  valuable  con- 
tribution to  the  geology  of  the  New  Jersey  portion  of  the  Raritan 
formation.  This  work,  which  was  edited  by  Arthur  Hollick, 
represents  the  results  of  many  years  of  investigation  on  the  part 
of  the  late  Professor  Newberry. 

The  conclusions  of  the  authors  of  this  paper,  as  set  forth  tn 
the  preceding  pages,  are  formed  upon  an  extensive  study  of 
the  Potomac  group  both  in  Maryland  and  New  Jersey,  and  are 
seen  to  be  quite  different  from  those  advanced  by  their  predeces- 
sors. The  comparative  table  on  page  505  exhibits  in  a  graphic 
manner  the  taxonomy  of  the  several  writers  referred  to,  as  inter- 
preted by  the  authors  of  this  paper, 

Wm.  Bullock  Clark, 

Ggoiogical  Laboratory,  ARTHUR   BiBBINS. 

Johns  Hopkins  Universitv, 
July  1897. 

•Jurassic  Forniation  of  the  Allantic  Coast,  Amet.  Jout.  Sci.,  4th  ser..  Vol.  II, 
1896,  pp.  433-447 !  Science,  n.  ser.,  Vol.  IV,  pp.  805-816. 
•Science,  n.  set..  Vol.  IV,  1896,  pp.  875-877. 
'  Ibid.,  pp.  945-947 ;  Vol.  V,  n.  ser.,  1897,  pp.  149-1 52. 

•  ./Si:./.,  pp.  9:8-922. 
ilbid,  1897.  pp.  411-413. 

•  MonogMphs  U.  S.  Geol.  Surv.,  Vol.  XXVI,  Washington,  1895. 
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INTRODUCTION. 

PALiKONTOLOGY  ought  to  be  synonymous  with  phylogeny,  and 
biology  with  ontogenetic  study ;  but  when  most  palaeontologists 
are  content  to  describe  species  from  a  few  characteristics  of 
adults,  and  to  guess  at  their  relationships  and  history,  and  when 
many  zoologists  are  satisfied  with  basing  species  on  color  or 
some  other  minor  mark,  while  the  life  history  of  even  most  liv- 
ing forms  is  wholly  unknown,  the  need  of  higher  ideals  is 
evident. 

All  modern  classification  is  intended  to  be  genetic  and  is 
based  on  comparison  of  a  series  of  adults  from  successive  ages 
of  the  earth,  of  which  the  present  time  is  but  an  episode.  Inter- 
esting and  valuable  investigations  in  phylogeny  have  been 
made  in  this  way,  but  such  genealogies  cannot,  as  a  matter  of 
course,  be  more  than  approximate,  for  the  geologic  record  itself 
is  incomplete,  and  the  life  record  still  more  fragmentary.     We 
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have  nowhere  a  uniform  succession  of  rocks,  and  nowhere  an 
unbroken  genetic  series.  It  has  been  shown  how  often  the  facies 
of  the  Pacific  coast '  region  has  changed,  and  how  it  now  beloaged 
to  one  faunal  region,  and  now  to  another,  each  great  change  in 
faunal  geography  showing  some  physiographic  revolution  here 
or  elsewhere.  Thus  the  local  scries  is  broken  and  filled  in  from 
other  regions,  species  being  classed  together  because  of  resem- 
blance, while  their  real  relationship  is  unknown. 

LAW    OF    ACCELERATION    OF    DEVELOPMENT. 

Since  the  geologic  record  is  so  badly  broken,  and  since  mod- 
ern faunas  and  floras  are  but  the  topmost  branches  of  a  tree 
whose  stock  is  only  partly  known,  naturalists  were  merely  grop- 
ing in  the  dark  in  their  efforts  to  get  a  genetic  classification. 
There  was  however  a  glimmer  of  light,  although  scarcely  heeded. 
No  one  man  seems  to  have  been  the  discoverer  of  the  law  of 
acceleration  of  development,  but  like  the  idea  of  evolution,  it 
was  in  the  air,  and  disclosed  itself  in  various  ways  to  the  pro- 
phetic vision  of  seekers  after  truth.  J.  F.  Meckel,"  a  German 
naturalist,  seems  to  have  been  the  first  to  give  scientific  expres- 
sion to  the  biogenetic  law,  in  his  formula,  "Gleichung  zwischen 
der  Entwicklung  des  Embryo  und  der  Thierreihe,"  comparison  of 
development  of  the  embryo  with  the  race  of  animals.  But  Louis 
Agassi?.,  although  not  the  discoverer,  was  undoubtedly  the  first 
to  use  the  law  as  an  aid  in  the  systematic  study  of  biology. 
While  he  regarded  the  various  genera,  not  as  ancestors  and 
descendants,  but  as  progressive  steps  in  creation,  still  he  saw  the 
analogy  between  the  stages  of  growth  of  the  individual  and  these 
progressive  steps.  It  was  reserved  for  Alpheus  Hyatt  to  formu- 
late the  law,  and  to  strengthen  theory  with  practical  examples 
based  on  study  of  Cephalopoda.^     In   his  later  papers  Professor 

■JiiUR.  Ukoi,.,  Vol.  III.  May-June  iKgs.  Mesuioic  Changes  in  the  Faunal  Geog- 
raphv  of  California.    J.P.Smith. 

'Sy»t.  Ver«I.  Anal.,  I.,  Theil  Halle.  l8ll. 

'A.  IIVATT,  Mem.  BoMon  Soc.  Nat.  Hisl.,  Vol.  I,  1866-7.  and  Proc.  Boston  Soc. 
Nfll.  Hint..  Vol.  I,  1866,  "raralleliimsOf  Individual  and  Order  amons  the  Tetra  bran - 
chiale  M»llii»ks." 


palalO.wtogeny  axd  phylogexy  509 

Hyatt  has  given  a  more  exact  and  comprehensive  definition  of  the 
law  of  acceleration  or  tachygenesis:  **A11  modifications  and  varia- 
tions in  progressive  series  tend  to  appear  first  in  the  adolescent  or 
adult  stages  of  growth,  and  then  to  be  inherited  in  successive 
descendants  at  earlier  and  earlier  stages  according  to  the  law  of 
acceleration,  until  they  either  become  embryonic,  or  are  crowded 
out  of  the  organization,  and   replaced  in  the  development   by 
characteristics  of  later  origin."  '     A  still  more  definite  statement 
by  the  same  author  is  the  following :  **  The  sub-stages  of  develop- 
ment in  ontogeny  are  the  bearers  of  distal  ancestral  characters 
in  inverse  proportion  and  of  proximal  ancestral  characters  in 
direct  proportion  to  their  removal  in  time  and  position  from  the 
protoconch  or  last  embryonic  stage."  '     Since  Hyatt's  first  paper 
the  law  has  been  rediscovered  and  renamed  bv  Haeckel,^  **das 
biogenetischc  Grundgesetz"  and  by  Wiirtenberger.*     But  these 
naturalists,   instead  of    adding  anything  to   Hyatt's  definition, 
have  failed  to  reach  its  clearness  and  simplicity.     The  only  real 
addition  that  has  been  made  is  Cope's  *  idea  of  retardation,  by 
which  is  explained  the  separation  in  the  ontogeny  of  the  descend- 
ant of  characters  that  occurred  simultaneously  in  the  ancestor. 
Cope   says:    *'The  acceleration  in  the  assumption  of  a  character, 
progressing  more  rapidly  than   the  same  in  another  character, 
must  soon  produce,  in  a  type  whose  stages  were  once  the  exact 
parallel   of  a  permanent   lower  form,  the   condition  of  inexact 
parallelism.     As  all  the  more  comprehensive  groups  present  this 
relation  to  each  other,  we  are  compelled  to  believe  that  accelera- 
tion has  been  the  principle  of  their  successive  evolution  during 
the   long  ages  of  geologic  time.     Each  type  has,  however,  its 
day  of  supremacy  and  perfection  of  organism,  and  a  retrogres- 
sion in  these  respects  has  succeeded.     This  has  no  doubt  followed 

*  A.  Hyatt,  Smithsonian  Contributions  to  Knowledge,  No.  673,  **Genesis  of  the 
Arietidx,"  Preface,  p.  ix. 

^^  Proc.  Am.  Thil.  Soc,  Vol.  XXXII,  No.  143,  A.  Hyatt,  "Phylogeny  of  an 
Acquired  Characteristic,"  p.  405. 

3-  Morphologie  der  Organismen,"  Vol.  II  ;  and  "  Anthropogenic."  1874. 

<  Ausland,  1873,  and  "  Studien  iil)er  die  Stammesgeschichte  der  Ammoniten,"  1880. 
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a  law  the  reverse  of  acceleration,  which  has  been  called  retarda- 
tion. By  the  increasing  slowness  of  the  growth  of  the  individ- 
uals of  a  genus,  and  later  and  later  assumption  of  the  characters 
of  the  latter,  they  would  be  successively  lost."' 

By  a  proper  application  of  the  law  of  acceleration  as  defined 
by  Hyatt,  and  modified  by  Cope,  all  the  facts  of  biology  may  be 
explained  ;  there  is  no  such  thing  as  "  falsification  of  the  record." 
But  as  yet  the  law  has  had  no  great  effect  in  classification,  for 
most  palaeontologists  have  not  approached  their  work  from  the 
biologic  side,  and  biologists  have  been  equally  neglectful  of  the 
results  attained  by  palaeontology.  A  distinguished  zoologist  once 
said  to  the  writer,  on  being  shown  an  ontogenetic  series  of 
ammonites, and  the  conclusions  reached,  "It  is  all  beautiful,  but 
almost  too  good  to  be  true."  In  pala:ontotogy  it  is  especially 
true  that  a  naturalist  may  be  a  specialist  in  the  fauna  of  one  ag^e, 
and  know  little  of  that  of  another.  Hence  the  animals  of  various 
periods  have  been  classified  according  to  varying  standards,  all 
artificial.  The  only  cure  for  these  discrepancies  is  study  of 
ontogeny,  and  comparison  of  stages  of  growth  of  the  individual 
with  ancestral  genera.  This  will  also  prevent  the  description  of 
supposedly  new  genera  and  species  based  on  immature  specimens, 
as  has  so  often  been  done.  The  writer  remembers  once  collect- 
ing numerous  Ceratites  in  the  Karnic  limestone  of  the  California 
Trias,  much  to  his  astonishment,  for  they  ought  not  to  occur  so 
high  up.  He  afterwards  found,  however,  that  Ihej'  were  not 
adults,  but  adolescent  ceratitic  stages  of  Arpadites ;  a  similar 
case  was  the  finding  in  the  same  horizon  a  Tirolitts  above  its 
proper  range,  but  it  turned  out  to  be  the  young  of  a  Trachyceras 
that  persisted  unusually  long  in  the  Tirolites  stage.  At  that  time 
there  was  nothing  in  the  description  of  these  genera  or  any  of 
their  species  to  guide  one.  and  so  their  ontogeny  had  to  be  worked 
out  independently.  But  there  is  nothing  in  the  description  of 
almost  any  fossil  genera  and  species  to  prevent  just  such  mis- 
takes, and  they  are  constantly  being  made. 

By  careful  study  of  ontogeny  in  comparison  with  phylogeny 

■Origin  of  the  Finest,  p.  14a, 
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the  palaeontologist  can  correlate  correctly  fossil  beds  where  even 
all  the  genera  and  species  are  new ;  he  can  even  prophesy  con- 
cerning the  occurrence  of  unknowft  genera  in  certain  horizons 
when  he  finds  their  minute  counterparts  in  youthful  stages  of 
later  forms  ;  in  fact  he  could  often  furnish  just  as  exact  a  descrip- 
tion of  the  form  as  if  he  had  the  adult  genus  before  him. 

NOMENCLATURE  OF  STAGES  OF  GROWTH. 

In  order  to  correlate  ontogenetic  stages  with  the  generic 
changes  seen  in  the  development  of  the  race  it  is  necessary  to 
have  an  exact  scientific  nomenclature.  The  most  satisfactory  is 
that  given  by  Professor  Hyatt  in  **  Phylogeny  of  an  Acquired 
Characteristic."* 


TABLE   OF   ONTOGENETIC   STAGES. 


Stages  Stages 

Embryonic    (1)  Embr)'onic 


Larval  (2)  Nepionic 


Adolescent    (3)  Neanic 


Adult 


Senile 


(4)  Ephebic 


(5)  Gerontic 


Subsiages 

^  Protembryo 
Mesembryo 
Metembryo 
Neoembryo 
Typembryo 
Phylcmbryo 

Ananepionic 

Metanepionic 

Paranepionic 

Ananeanic 
Metaneanic 
Paraneanic 

Anephebic 

Metephebic 

Parephebic 

Anagerontic 

Metagerontic 

Paragerontic 


Comparison  with  phylogeny 

Phylembryonic 


Ph)'lonepionic 


{ 


Phyloneanic 


Phylcphebic 


Phylogerontic 


9i 


E 
< 


With  the  embryonic  stage  the  palaeontologist  can  do  noth- 
ing, except  the  very  last  substage  or  phylembryo,  when  the 
Mollusca,  Brachiopoda  and  other  groups  begin  to  secrete  their 
shells ;  but  all  the  later  stages  are  easily  accessible  in  well- 
preserved  material. 

•  Proc.  Am.  Phil.  Soc,  Vol.  XXXII,  No.  143,  pp.  391  and  397. 
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The  best  example  of  correlation  of  ontogenetic  stages  with 
phylogeny  is  the  genealogy  of  MedlUottia,  worked  out  by  Kar- 
jjinsky,'  who  has  shown  that  the  Carboniferous  genus  ProHoriUs 
goes  through  the  following  stages:  latisellate  protoconch,  phyl- 
embryonic;  with  the  second  suture  it  reaches  the  AtuircesUs 
stage,  nepionic;  about  the  end  of  the  first  revolution  the 
/^^/^^^rv7J  stage  begins,  paranepionic :  second  revolution  shows 
the  ParaproUcanilei  stage,  ncanic ;  on  the  third  whorl  begins  the 
Pronorites  stage,  adult.  Thus  with  regard  to  Proneriles  the  genus 
AnarcesUi  is  phylonepionic,  Ibergiceras  is  phyloparane picnic, 
ParaproUeaniUs  is  phyloneanic.  In  the  same  work  Karpinsky 
has  shown  that  MedlUottui  is  a  direct  descendant  of  ProitoriUs 
and  in  its  development  goes  through  all  the  stages  of  the  ances- 
tral genus  and  adds  several  more.  The  first  revolution  of  Medli- 
collia  could  not  be  studied,  but  on  the  second  revolution  was 
seen  the  Ibergiceras  stage,  metanepionic ;  on  the  third  whorl  the 
Paraproleeanites  stage,  paranepionic ;  at  the  end  of  the  third  whorl 
the  Pronorites  stage,  beginning  of  the  neanic ;  on  the  fourth  whorl 
the  Sicatiiles  stage,  end  of  the  neanic:  on  the  the  fifth  whorl  the 
Promedlicottia  stage,  anephebic;  and  lastly,  at  end  of  the  fifth 
whorl,  Medlicottia,  adult  in  characteristics,  though  not  yet  in  size. 

PAL*:O.NTOGENy. 

Groups  available. — Vertebrates  are  out  of  the  question  for 
this  sort  of  work,  being  too  highly  accelerated  in  their  develop- 
ment; the  stages  that  might  be  useful  in  phylogeny  are  g-one 
through  before  the  animal  is  capable  of  being  preserved  as  a 
fossil.  In  the  Caletiterata  the  relations  between  Cenozoic  and 
Palajozoic  forms  are  not  understood,  and  the  ontogeny  of  avail- 
able forms  does  not  show  stages  that  are  striking  enough  to  tell 
much.  In  Echinodermata  difficulty  of  preservation  of  fossil 
forms  makes  ontogenetic  study  almost  impossible,  and  recent 
forms  have  been  too  little  studied  for  any  comparison  of  stages 
of  growth  with  ancient  genera  to  be  possible. 

.  No.  z. 
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The  available  groups  are  the  Brachiopoda ,  the  Mollusca,  and 
the  Crustacea. 

Brachiopoda. — The  brachiopods  have  this  decided  advantage, 
that  they  can  be  hatched  in  marine  laboratories,  and  the  various 
stages  studied  from  the  egg  up,  as  has  been  done  by  Brooks. 
Kovalevski,  Lacaze-Duthiers,  Morse  and  Shipley,  with  the  genera 
Cistdla,  Glottidia,  Tuicazella,  Liothyrina,  and  Terebratidvia ,  But  it 
was  reserv^ed  for  the  palaeontologists  Beecher,  J.  M.  Clarke,  and 
Schuchert  to  correlate  the  ontogeny  of  living  forms  with  ances- 
tral genera  and  give  a  biogenetic  classification  of  the  Brachiopoda^ 
based  on  ontogenetic  study. 

In  living  specimens  the  subdivisions  of  the  embryonic  stage, 
protembryo,  mesembryo,  neoembryo,  and  typembryo  may  easily 
be  made  out,  but  since  these  are  shell-less  the  work  of  the  palae- 
ontologist begins  with  the  phylembryonic  substage,  when  the  shell 
gland  secretes  the  protegulum.  From  this  upwards  the  palaeon- 
tologist works  on  equal  terms  with  the  zoologist,  for  the  suc- 
ceeding stages  are  capable  of  preservation,  and  may  be  compared 
with  ancestral  genera.  Thus  even  the  phylembryonic  stage,  or 
protegulum,  is  represented  by  the  Cambrian  genus  Pateritia,  the 
ancestral  prototype  of  all  Brachiopoda, 

Beecher  and  Schuchert'  have  also  demonstrated  that  the 
Ancylobranchia  (Terebratuloids)  all  go  through  a  primitive  Cen- 
tronclliform  stage,  and  that  the  Helicopegfnaia  (spire-bearers)  do 
the  same  and  are  for  a  while  genuine  Ancylobranchia,  Schuchert's 
classification  of  the  Brachiopoda,  published  in  Eastman's  trans- 
lation of  Zittel's  Text-Book  of  Paleontology,  1896,  may  be 
taken  as  strictly  biogenetic  so  far  as  the  data  now  at  hand  make 
such  a  thing  possible.  And  this  is  the  only  group  of  which  we 
have  a  biogenetic  classification. 

*  For  correlation  of  stages  of  growth  with  generic  changes,  and  for  the  literature  on 
ontogeny  and  phylogeny  of  Brachiopoda^  see  papers  by  Dr.  C.  E.  Heecher,  Amer.  Jour. 
Sci.,  Vol.  XLIV,  Aug.  1892,  "Development  of  Hiachiopoda,"  Part  2.;  and  Trans. 
Connecticut  Acad.  Sci.,  V'ol.  IX,  March  1893,  "Revision  of  the  Families  of  Loop- 
bearing  Hrachiopoda;"  and  "  The  Development  of  Tcrcbratalia  Obsoleta  Dall." 

"Troc.  Hiol.  Soc.  Washington,  Vol.  VIII,  July  13,  1893,  "  Development  of  the 
brachial  Supports  in  Diela.sma  an<l  Zygospira." 
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Crustacea. — The  only  Crustacea  that  are  useful  for  the  study 
of  palaeontogeny  are  the  trilobites,  and  since  they  are  all  extinct 
without  leaving  any  descendants,  modern  biology  can  give  us 
little  help.  We  are  thus  to  a  greater  extent  than  with  the  Brack- 
iopoda  thrown  entirely  on  the  ontogeny  of  fossils,  and  in  this  case, 
too,  the  various  stages  must  be  worked  out  from  separate  indi- 
viduals. Manynaturalists,  beginningwith  Barrande,  haveworked 
on  the  ontogeny  of  trilobites,  have  described  various  stages, 
sometimes  as  larvae.sometimcs  as  adult  genera  or  species,  but  they 
met  with  seemingly  insuperable  difficulties  in  correlating  these 
stages  with  the  genealogy.  Dr.  C.  E.  Beecher,  however,  has 
overcome  these  difBcutties,  presenting  his  results  in  a  recent 
paper  on  "The  Larval  Stages  of  Trilobites,"'  in  which  he  shows 
that  all  trilobites  go  through  a  phylembryonic  stage,  protaspis, 
homologous  to  the  protonauplius  of  the  higher  Crustacea.  While 
no  known  genera  are  exactly  like  the  protaspis,  still  there  are 
several  that  retain  many  of  its  features.  After  the  protaspis 
stage  the  various  groups  of  genera  develop  in  different  directions, 
but  all  go  through  larval  stages  analogous  to  generic  changes  in 
their  group.  The  protaspis  itself  of  the  later  groups  becomes 
more  complicated  by  acceleration  of  development,  but  always 
retains  its  essential  features.  B}'  means  of  this  study  Dr. 
Beecher  has  been  able  to  give  the  beginning  of  a  truly  genetic 
classification  of  trilobites.' 

Mollusca. — Of  the  Mollusca  only  the  Pelecypoda  and  the  Cepk' 
alopoda  are  of  use  to  the  student  of  palaeontogeny.  for  the  Gas- 
tropoda have  not  been  classified  in  a  satisfactory  manner,  and  the 
larval  stages  even  of  living  forms  not  well  studied. 

Pelecypoda. — Almost  all  that  has  been  done  in  comparing 
genera  of  Pelecypoda  with  stages  of  growth  is  the  work  of  Dr.  R. 
T.  Jackson,^  who  has  shown  that  they  all  go  through  a  phylem- 
bryonic stage,  prodissoconch,   analogous  to  the  protegulum  of 

■Amer.  Geol.,  Vol.  XVI,  Sept.  1895. 

'Am«r.  Jour.  ScL,  Feb.  and  March  1S97.  "Quiline  of  a  Natural  Classification  of 
Trilobites." 

3  Mem.  Boston  Soc.  Nat.  History.  Vol.  IV,  No.  8,  :S90,  "  Phytogeny  oE  the  Pele- 
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Brachiopoda,  the  protoconch  of  Cephalopoda  and  Gastropoda,  and 
the  protaspis  of  trilobites.  The  prodissoconch  is  a  straight- 
hinged,  two-muscled,  toothless,  smooth-shelled,  bivalve  stage, 
corresponding  to  the  primitive  group  of  Pelecypoda,  Even  the 
monomyarian  Ostrea  goes  through  this  dimyarian  stage.  Pro- 
fessor W.  H.  DalP  has  used  this  and  other  facts  in  the  develop- 
ment of  the  pelecypods,  giving  the  most  satisfactory  classification 
up  to  this  time.  But  from  the  very  nature  of  the  case,  when  the 
ontogeny  of  few  living  and  no  fossil  forms  is  known,  an  evo- 
lutionary classification  of  pelecypods  is  impossible. 

Ceplialopoda, — The  living  dibranchiate  cephalopods,  Octoptis, 
Loligo,  Spinda,  Argonauta  and  other  common  forms,  are  incapable 
of  preserving  the  larval  stages  as  fossils.  The  only  living  tetra- 
branchiate  genus,  Nautilus,  can  have  its  larval  stages  preserved  as 
fossils,  but  is  one  of  the  old  unspecialized  types,  not  having 
changed  greatly  since  the  first  nautilian  shell,  and  consequently 
having  no  striking  changes  in  its  ontogeny. 

The  animals  that  are  capable  of  giving  the  best  proof  of 
evolution  are  the  ammonites.  These  branched  off  from  the 
nautiloids  at  the  beginning  of  the  Devonian,  continued  increas- 
ing, diverging,  became  highly  specialized  and  accelerated  until 
their  final  extinction  at  end  of  the  Cretaceous.  Each  ammonite 
goes  through  a  larval  history  that  is  long  and  varied  in  direct 
proportion  to  the  length  of  time  from  its  period  back  to  the 
Lower  Devonian.  Thus  the  Nautilmidce  are  the  first  of  the  new 
stock,  and  their  ontogeny  is  comparatively  simple,  there  being 
no  great  changes  from  the  larval  up  to  the  adult  stages.  The 
higher  Devonian  and  Carboniferous  forms  go  through  several 
generic  changes  before  they  become  adults,  and  the  Mesozoic 
genera  have  still  longer  larval  and  adolescent  periods,  that  is, 
longer  in  the  sense  of  more  complicated. 

From  the  work  of  L.  von  Buch,  Quenstedt,  and  others  of  the 
older  paheontologists  the  increasing  variety  of  forms  from  the 
goniatites  of  the  Palaeozoic  to  the  ammonites  of  the  Mesozoic 

*  Pelecypoda,  Text-book  of  Palneontolojjy,  K.  A.  voN  Zittki.,  Revised  English 
Edition,  Vol.  I,  Part  I.     Macmillan  &  Co.,  1896. 
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was  known  long  ago ;  these  naturalists  knew,  too,  that  ammon- 
ites went  through  a  goniatite  stage  of  growth,  without  connect- 
ing this  with  evolution.  By  using  their  work  we  can  get  a  com- 
prehensive view  of  the  development  of  ammonoids  from  the 
most  primitive  goniatites  to  the  most  highly  developed  ammon- 
ites, and  thus  construct  a  tentative  family  tree. 

The  simple  primitive  forms  of  the  Lower  Devonian  branch 
out  by  the  end  of  that  age  into  two  distinct  stocks,  the  Prole- 
canitidie  and  the  GoniatitidcB,  mostly  low  whorled,  involute,  with 
simple  sutures  and  little  ornamentation.  Before  the  end  of  the 
Carboniferous  some  genera  have  already  become  ammonitic  in 
the  digitation  of  their  sutures,  as  Popanoccras,  Tlialassoceras^ 
Pronorites,  and  some  have  taken  on  ammonitic  ornamentation  of 
the  shell,  while  the  sutures  remain  simple  and  entire,  as  Gastrio- 
ceras.  None  of  these  forms,  however,  are  very  evolute,  and 
the  whorls  are  mostly  rather  low.  In  the  Permian  Pronorites 
and  its  descendants  Sicanites  and  Mcdlicottia  play  an  important 
part,  Arccstidcc  are  already  become  important  members  of  the 
fauna,  the  Tropitidce  are  just  beginning,  while  the  GlyplUoceratida 
are  dying  out.  Some  few  genera  still  persist  in  the  goniatitic 
stage,  but  most  of  them  became  ammonitic  before  the  Trias  was 
well  on. 

In  the  Trias  the  important  groups  are  Arcestida,  Puiacocera- 
tidie,  Tropitidce,  CeratiHdie,  with  numerous  others  less  impor- 
tant as  members  of  the  Triassic  fauna,  but  of  great  interest  as 
ancestors  of  many  of  the  chief  families  of  the  Jura  and  Creta- 
ceous. In  the  Jura  these  ammonites  reached  their  acme, 
branching  out  into  very  many  families  and  subfamilies,  increas- 
ing usually  in  complexity  of  sutures  and  variety  of  ornamenta- 
tion. In  the  Cretaceous  they  gradually  declined,  dropping  off 
one  at  a  time  until  all  were  gone.  The  total  number  of  Amman- 
oidea  now  described  reaches  about  5000,  of  which  only  a  few 
hundred  belong  to  the  Palaeozoic  goniatites,  the  others  belong- 
ing to  the  ammonites  of  the  Carboniferous,  Permian,  and  Meso- 
zoic.     Later  than  this  no  ammonoids  are  known. 

Only  simple  radicles  or  stocks  persist,  but  from  time  to  time 
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certain  genera  branch  off  from  the  main  stock,  become  highly 
specialized,  and  often  give  rise  to  so-called  abnormal'  forms, 
such  as  Hamites,  Baculites,  Crioceras,  Scaphites,  phylogerontic  or 
degenerate  genera,  which  do  not  perpetuate  their  race.  These 
do  not  form  a  natural  group,  but  are  themselves  even  in  some 
cases  polyphyletic,  as  shown  by  their  ontogeny;  so  far  as  exam- 
ined their  larval  stages  all  correspond  to  various  normal  genera. 

Of  course  there  were  phylogerontic  genera  that  were  not 
abnormal  in  shape ;  thus  Clymenia  branched  off  in  the  Upper 
Devonian  into  a  variety  of  species,  and  disappeared  as  suddenly; 
Medlicotda  reached  its  culmination  in  the  Permian,  barely  man- 
aged to  live  on  until  the  Trias,  and  disappeared  without  pos- 
terity, while  the  main  stock  of  unspecialized  Prolecanitida 
endured  as  long  as  the  race.  The  number  of  phylogerontic 
forms  increases  in  the  Mesozoic,  showing  a  constantly  increas- 
ing tendency  to  become  abnormal,  until  before  the  end  of  the 
Cretaceous  the  entire  race  of  ammonoids  becomes  phylogerontic, 
and  dies  out  from  sheer  lack  of  plasticity  to  modify  itself  further 
with  changing  conditions. 

Such  a  general  view  or  family  tree  of  the  ammonoids  may 
be  seen  in  any  of  the  text-books  of  palaeontology,  especially 
those  of  Steinmann,'  and  of  K.  von  Zittel,^  where  we  get  the 
best  attempts  to  represent  our  present  knowledge  and  ideas  of 
the  genetic  relationships  of  ammonites.  These  genealogies  are, 
however,  purely  tentative,  based  not  on  ontogeny  but  on  com- 
parison of  series  of  adults.  This  would  undoubtedly  be  the 
safest  way  if  we  had  a  perfect  series  of  genera  and  species,  but 
such  a  thing  is  unknown,  and  can  never  be  obtained^  on  account 
of  the  incompleteness  of  the  geologic  record,  and  the  mixing  of 
faunas  by  migration  in  the  past. 

The  researches  of  Hyatt,  Branco,  and  Karpinsky  have  given 
us  a  surer  way;  from  their  work  we  have  learned  that  the 
Ammonoidea  preserve  in  each  individual  a  complete  record  of 

»J.  F.  PoMPECKj.  Ueber  Ammonoideen  mit  Anormaler  Wohnkammer.  Stuttgart, 
1894. 

'Elemente  der  Palxontologie.  1890.  ^Gnindziige  der  Palseontologie.  1895. 
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their  larval  and  adolescent  history,  the  protoconch  and  early 
chambers  being  enveloped  and  protected  by  later  stages  of  the 
shell.  And  by  breaking  off  the  outer  chambers  the  naturalist 
can  in  effect  cause  the  shell  to  repeat  its  life  history  in  inverse 
order,  for  each  stage  of  growth  represents  some  extinct  ances- 
tral genus.  These  genera  appeared  in  the  exact  order  of  their 
minute  imitations  in  the  larval  history  of  their  descendants,  and 
by  a  comparative  study  of  larval  stages  with  adult  forms  the 
naturalist  finds  the  key  to  relationships,  and  is  enabled  to 
arrange  genera  in  genetic  series.  They  were  all  marine,  never 
parasitic,  and  so  with  them  there  is  no  obscuring  of  the  record ; 
also  in  the  Mollusca  generic  and  specific  characters  show  in  the 
shell  better  than  in  the  soft  parts;  so  the  classification  of  fossil 
ammonites  is  just  as  good  as  that  of  living  shellfish. 

Although  genera  appeared  in  the  order  of  corresponding 
larval  stages,  they  did  not  disappear  in  the  same  order;  and  so 
their  survival  under  favorable  conditions  is  liable  to  make  con- 
fusion in  the  record,  if  one  depends  wholly  on  the  study  of 
series  of  adults.  Such  forms,  for  instance,  as  Styrites,  Tropicel- 
tites,  MiltiUs  and  others  that  are  now  known  only  in  the  Karnic 
zone  of  the  Upper  Trias  are  undoubtedly  such  survivals,  for  they 
still  have  simple  goniatitic  sutures,  very  little  ornamentation, 
and  in  general  are  more  like  Lower  Triassic  ammonites  than 
members  of  the  Tropites  subbullatui  fauna.  The  stray  TirolUes 
foliaceus,  which  appears  in  the  Alps  and  in  California  in  this 
same  fauna,  is  another  survival  of  a  Lower  Triassic  type,  but  for- 
tunately we  do  know  Tirolites  in  the  horizon  where  it  belongs. 
If  this  were  not  the  case  the  naturalist  would  be  very  much  puz- 
zled at  tinding  Trachyceras  of  the  Karnic  horizon  going  through 
a  TirolUes  stage  in  its  early  youth. 

One  great  drawback  to  this  work  is  that  the  ammonite  faunas 
of  the  various  ages  have  been  classified  by  different  specialists 
and  on  different  principles,  but  all  artificial.  Thus  the  Triassic 
ammonites  are  divided  into  Leiostraca  (smooth  shelled),  and 
Trachyostraca  (rough  shelled),  a  classification  that  cannot  be 
extended  even  to  Jurassic  groups.     The  Trachyostraca  are  fur- 
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ther  divided  into  Tropitidce,  with  long  body  chamber,  and  Cera- 
titidcB,  with  short  chamber.  But  neither  of  these  groups  is  mon- 
ophyletic,  for  it  is  quite  probable,  judging  from  their  ontogeny, 
that  members  of  both  groups  are  derived  from  the  GoniaHtidcB, 
and  others  from  the  Prole canitida.  Further,  the  authorities  agree 
in  deriving  the  Tropitida  from  the  GlyphioceratidcB,  but  the  larval 
stages  of  some  of  the  Tropitida*  show  the  undivided  ventral 
lobe  and  an  unmistakable  resemblance  to  certain  ProlecatdtidcB ; 
other  so  called  Tropitida  show  the  divided  ventral  lobe  at  an 
early  age,  and  a  decided  resemblance  to  the  stock  of  Glyphio- 
ceratidce. 

In  the  same  way  most  authorities  agree  that  the  Trachyostraca 
were  all  extinguished  at  end  of  the  Trias,  and  that  all  the  Juras- 
sic and  Cretaceous  ammonites,  with  the  exception  of  LytoceraHd<B 
and  PhylloceratidcB,  were  derived  from  the  radicle  Psiloceras^  and 
this,  too,  in  spite  of  the  fact  that  many  of  the  genera  are  rough 
shelled,  and  in  their  larval  stages  show  marked  likeness  to  trach- 
yostracan  genera.  Any  naturalist  can  convince  himself  of  this  by 
looking  at  the  young  stages  of  Jurassic  ammonites  figured  by 
Quenstcdt.'  Quite  recently  Professor  W.  Waagen'  has  called 
attention  to  the  likeness  of  certain  Trachyostraca  to  Jurassic 
genera,  and  indicated  the  probability  of  genetic  relationships. 
But  Mojsisovics3  says  that  these  similarities  have  nothing  to 
do  with  relationship,  but  arc  purely  "convergence  phenomena/* 
whatever  that  may  mean.  Resemblance  of  adults  of  Triassic 
and  Jurassic  forms  might  with  some  reason  be  ascribed  to  this 
mysterious  agency,  but  surely  no  biologist  would  thus  explain 
away  the  resemblance  of  larval  and  adolescent  stages  of  Juras- 
sic ammonites  to  adult  Trachyostraca  of  the  Trias.  There 
was  some  excuse  for  such  opinions  as  long  as  the  fauna  of 
the  up[)er  Trias  was  not  well  known,  and  there  was  apparently 
a  great  break  in  the  series  of  ammonites.  But  after  the 
appearance    of   the  monographs  of  G.   von    Arthaber,  Diener, 

*  Ammoniten  des  Schwiibischen  Jura. 

^Pal.  Indica,  Salt  Range  Fossils,  Vol.  II,  p.  122. 

3 Das  Gebirge  um  llallstadt,  Bd.  II,  p.  265. 
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Mojsisovics  and  Waagen,'  on  the  Triassic  faunas  of  the  Alps, 
Himalayas,  the  Salt  Range  of  India,  and  Siberia,  there  is  no 
longer  any  such  excuse.  Ancestral  types,  long  predicted  by 
larval  stages  of  Jurassic  ammonites,  may  be  seen  in  these 
works,  as,  for  instance,  Tropiceltites,  which  is  exactly  like  the 
neanic  stage  of  Amalt/ieus;  but  the  great  variety  is  confusing, 
and  correlation  difficult,  on  account  of  unsatisfactory  classifica- 
tion. 

The  only  solution  of  the  problem  is  to  classify  genetically 
the  Palaeozoic  goniatites,  and  from  them  work  upwards  into  the 
Permian  and  Lower  Triassic  ammonites.  These  older  groups 
have  simpler  larval  stages,  are  not  very  greatly  accelerated,  and 
repeat  clearly  their  ancestral  history.  When  this  is  done  the 
radicles  will  all  be  known,  and  when  we  know  the  stock  of 
the  tree,  the  branches  that  came  off  in  the  higher  Trias,  Jura, 
and  Cretaceous  will  offer  no  difficulties.  The  most  systematic 
attempt  to  do  this  is  Haug's  paper,  "  Les  Ammonites  du  Permien 
et  du  Trias ;""  but  his  classification  is  based  wholly  on  the  char- 
acter of  the  sutures,  and  neglects  other  characters,  such  as 
sculpture  and  shape  of  the  whorls.  Thus  Haug3  places  Eutom- 
oceras  with  the  prionidian  family  Trachyceratida,  disregarding 
its  ontogeny,  which  places  it  undoubtedly  with  the  Tropitida. 
But  no  classification  based  entirely  on  one  character  can  be 
truly  genetic.  Hyatt*  in  his  monographs  on  the  ontogeny  of 
ammonites  has  shown  us  the  way  ;  Branco  by  his  studies  of  the 
larval  stages  of  ammonoids  has  accumulated  a  great  mass  of 
accurate  data  that  can  be  used  with  confidence  even  by  the  student 
that  rejects  his  theories  as  to  classification.  And  Karpinsky,  by 
using  the  methods  and  principles  discovered  by  these  naturalists, 
has  worked  out  the  genealogy  of  one  of  the  chief  stocks  of  the 
earlier  ammonites. 

"For  the    literature  on  Triassic  faunas  see  Jour.  Geol.,  Vol.  IV,  No.  4,  J.  P. 
Smith,  "  Classification  of  Marine  Trias." 

'Bull.  Soc.  G^ol.  France,  II  Ser.,  Vol.  XXII.     1894,  No.  6. 

3  Op.  cit,  p.  408. 

4  Bull.  Mus.  Comp.   Zool.,  Vol.  Ill,  No.   5,1872;  and  Smithsonian  Contrib.  to 
Knowledge,  "Genesis  of  the  Arietidae,"  and  other  papers. 
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This  way  lies  the  truth,  and  not  in  groundless  speculations 
such  as  many  students  of  cephalopods  are  prone  to  indulge  in. 

Metlwd  of  working, —  In  order  to  succeed,  one  must  select 
material  with  great  care,  preferably  limestone  that  is  soft  but 
not  so  weathered  as  to  crumble,  nor  so  brittle  as  to  shatter. 
One's  finger  nail  and  some  steel  dental  chisels  are  all  the  tools 
needed  for  breaking  off  the  outer  whorls  of  young  ammonites.  A 
microscope  with  thirty  diameters  magnifying  power  is  the  most 
satisfactory,  although  higher  powers  are  occasionally  needed. 
For  studying  surface  markings  a  strong  pocket  lens  is  usually 
sufficient ;  the  specimen  should  then  be  placed  dry  on  white 
cardboard.  For  observing  the  sutures,  or  shape  of  the  whorls, 
the  specimen  should  be  placed  on  cardboard  in  a  drop  of  water, 
spread  out  so  as  not  to  distort  the  object.  The  water,  being 
slightly  viscous,  will  also  hold  the  small  object  in  any  position. 
For  taking  measurements  a  micrometer  eyepiece  is  needed, 
especially  in  drawing,  for  the  cafncra  lucida  is  not  very  satisfactory 
for  drawing  opaque  objects.  Sections  can  easily  be  cut  by 
grinding  with  emery  powder  on  a  glass  plate. 

The  accompanying  illustrations  will  give  an  idea  of  how  the 
facts  arc  ascertained.  A  number  of  well-preserved  adults  of  a 
species  are  selected,  and  the  outer  coils  arc  pulled  off  piece  at  a 
time  under  water,  until  a  complete  series  is  obtained,  represent- 
ing every  change  in  growth.  All  the  pieces  of  whorls  are  pre- 
served, but  often  it  is  possible  to  have  a  complete  series  in  one 
specimen.  The  individuals  representing  stages  of  growth  are 
kept  separate,  in  small  glass  tubes  attached  to  cards  for  labels, 
on  which  are  noted  the  measurements  of  the  specimen,  stage  of 
growth,  and  such  other  facts  as  are  wanted  for  ready  reference. 

On  plate  A  are  shown  the  results  of  some  work  of  this  char- 
acter. The  species  selected  was  Schloenbachia  aff.  chicoensis 
Trask,  from  the  upper  Horsetown  beds,  top  of  Lower  Creta- 
ceous, from  Phcunix,  Oregon.  Fig.  i  shows  the  protoconch  with 
part  of  the  first  whorl  drawn  as  if  unrolled.  The  protoconch  is 
phylcmbryonic,  representing  the  primitive  ammonoid ;  the  first 
suture,  angustiscllate,  with  narrow  lateral  lobes  and  saddles,  is 
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ananepionic  ;  the  second  suture  with  the  abdominal  lobe  is  meta- 
nepionic,  and  represents  the  ammonoid  radicle  Anarcestes;  the 
third  and  fourth  sutures  correspond  to  Tornoceras  and  Prionoceras ; 
the  fifth  suture  is  a  transition  from  Prionoceras  to  Glyphioceras ; 
and  the  sixth  with  the  divided  ventral  lobe  represents  Glyphioceras, 

Fig.  2  shows  the  larval  stage,  at  diameter  of  0°*".68,  three- 
fourths  of  the  first  whorl.  It  has  a  low  broad  involute  whorl, 
with  divided  ventral  lobe,  one  lateral  lobe,  and  another  on  the 
umbilical  border.  This  stage  is  paranepionic,  and  is  like  the 
older  species  of  Glyphioceras, 

Fig.  3  shows  the  development  of  the  sutures  from  the  third 
to  the  tenth,  on  a  specimen  of  diameter  0"°*.64. 

Fig.  4  shows  the  advanced  Glyphioceras  stage,  with  lobes  and 
saddles,  well  developed,  at  diameter  of  i™°*.20;  the  second  lat- 
eral lobe  already  begins  to  show  on  the  umbilical  shoulder. 
This  stage  is  transitional  to  Gastrioceras. 

Fig.  5  shows  the  end  of  the  paranepionic  stage,  correspond- 
ing to  Paralegoceras,  at  2™"". 25  diameter;  the  umbilicus  widens, 
the  whorls  become  higher  and  narrower,  and  a  third  lateral  lobe 
appears  on  the  umbilical  border.  The  sutures  still  remain  goni- 
atitic,  but  in  the  next  stage,  ananeanic,  ammonitic  ornamenta- 
tion, in  the  shape  of  a  keel,  appears  at  2™°*.7o;  and  at  3°°*.20 
diameter  the  first  lateral  saddle  becomes  indented,  and  the 
adolescent  stage  is  well  along. 

Fig.  6  shows  a  cross  section  through  the  center,  diameter 
6'""'.2  5,  four  whorls,  paraneanic.  The  inner  whorls  are  low  and 
broad,  and  the  later  ones  become  successively  higher  and  nar- 
rower in  proportion. 

Fig.  7  shows  a  section  through  the  protoconch,  diameter 
22"""*. 25,  six  whorls,  adult  stage;  the  relative  increase  of  height 
of  the  whorls  and  the  squaring  of  the  abdominal  shoulder  is 
quite  marked  as  the  adult  stage  advances. 

On  these  figures  may  be  seen  increase  in  number  of  lobes  and 
saddles,  change  in  position  of  the  siphon  from  median  to  exter- 
nal, and  the  development  of  the  whorls,  in  height,  width,  and 
involution. 
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By  following  thi3  tnezaod  oa  «-^rabIe  ziatcrial  the  cotnplete 
onV/^*:nv  of  anv  «pec:«  niiv  be  woricc^  out.  In  otticr  to  vork 
out  the  phvioifcnv  of  anv  fonn  it  a  ncccssarv  :o  combine  this 
with  comparative  study  of  antecedent  genera  and  species.  WTicn 
this  x.^  done  for  all  the  Ammtmoidia,  their  genealogy  vill  be  more 
perfectly  Icnovkti  than  any  other  family  tree  possibly  can  be. 

PLATE  .^. 

FfO.  I.  Pr^iCrjO>Qch  of  Scklofnbackia.  sbovrn^r  the  erst  six  satnrcs  «>f  the 
acur.herl  c/jiL     Enlarged  thirty  times. 

FfO,  2.  LarvftI  stage  of  Scklatnbackia,  diameter  c'"'°.68:  thirty  times 
ttklzTiged  :  three-fourths  of  tirst  whorl.     2a,  side  viev :  2^,  froat  Tiew. 

FfO.  3«  Larval  stage  of  S^klaenbackta^  diameter  0*^.64 ;  thirty  times 
enlarged.     Showing  sutures  from  the  third  to  the  tenth.     From  above. 

FfO,  4,  Larval  stage  of  Skkloenbackia^  diameter  i™*.2o:  fifteen  times 
enlarged,     ^^e  and  a  half  whorls.     4a,  front  tiew  ;  4^,  side  view. 

Fio.  5,  End  of  larval  stage  of  Sckloenbackia,  diameter  2*^.25  :  hfteen 
timet  enlarged.     ParaUf^oceras  stage.     5a,  side  view ;  5^,  front  view. 

Fig,  6.  Cross  section  of  Sckloenbackia^  diameter  6"".25 ;  fifteen  times 
enlarged ;  four  whorls.  Adolescent  stage.  The  protoconch  is  seen  in  the 
center  P, 

Yui.  7.  Cross  section  of  Sckicenbackia,  22'"".23 ;  three  and  a  half  times 
enlarged ;  six  whorls.     Adult  stage. 

James  Perrix  Smith. 

Stanford  University, 
California. 


Editorial. 


The  press  announce  the  auspicious  starting  of  Andree  on 
July  II.  The  result  of  this  first  experiment  in  Arctic  aerial 
navigation  will  be  awaited  with  unusual  interest.  If  Andree 
shall  succeed  in  floating  at  a  suitable  elevation  for  even  a  week 
and  shall  make  good  his  return,  he  can  scarcely  fail  to  bring 
back  data  of  vital  importance.  It  is  of  trivial  consequence 
whether  he  passes  near  the  pole  or  not,  and  his  geographical 
discoveries  arc  uncertain,  for  his  course  may  not  take  him  over 
new  territory,  but  he  will  determine  the  course  pursued  by  the 
body  of  air  in  which  he  floats  if  he  is  able  to  keep  his  location, 
of  which  there  is  little  ground  for  question.  The  course  pur- 
sued by  a  given  body  of  air  in  a  region  which  bears  such  critical 
relations  to  the  whole  system  of  atmospheric  circulation  is  a 
matter  of  radical  importance.  Observers  at  fixed  points  upon 
the  earth  can  only  determine  the  transient  local  direction  of 
passing  bodies  of  air.  They  cannot  directly  demonstrate  the 
actual  circulation.  They  can  only  infer  it  from  a  combination 
of  local  observations.  But  the  actual  circulation  can  be  detei- 
mined  by  means  of  the  balloon  floating  with  the  body  of  air, 
subject,  of  course,  to  certain  obvious  qualifications,  particularly 
those  that  relate  to  vertical  movements.  Andr^e's  trip  should 
therefore  bring  forth  data  of  vital  consequence  to  all  hypotheses 
relating  to  polar  atmospheric  circulation.  Among  these  hypoth- 
eses is  one  suggested  by  the  ice  drift  which  the  writer  has  never 
seen  in  print,  and  which  pointedly  illustrates  the  possible  value 
of  Andrce*s  experiment. 

It  is  now  well  known  that  the  free  ice  off  the  Siberian  coast 
drifts  westward  until  it  impinges  upon  the  cast  coast  of  Green- 
land, when   it  is  diverted   to  the  south,  but   on  reaching  Cape 
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Farewell  it  rounds  to  the  westward  and  even  northward,  until  it 
is  again  arrested  by  Baffin  Land  and  the  American  mainland, 
and  forced  southward.  The  marvelous  trip  of  Nansen  has  given 
this  a  heroic  demonstration  not  likely  to  be  questioned.  It  is 
also  known  that  the  ice  fields  north  of  Greenland  and  Grinnell 
Land  press  hard  against  the  coast,  and  crowd  through  the  straits 
between  these  lands  in  a  southwesterly  direction.  It  is  also 
known  that  the  ice  presses  hard  on  the  north  side  of  the  Parry 
Islands  and  pushes  southward  and  eastward,  effectually  block- 
ing all  the  straits  between  them  as  well  as  Jones  Sound  on  the 
east.  It  is  also  known  that  Banks  strait  and  McClintock  chan- 
nel, trending  from  the  northwest  to  the  southeast,  are  effectually 
blocked  by  the  persistent  jam  of  the  ice  crowding  in  from  the 
7wrthwest,  It  is  the  strong  and  unremitting  jam  of  ice  into  this 
channel  that  has  rendered  all  attempts  at  the  northwest  passage 
abortive.  Correlating  these  movements,  it  appears  that  there  is 
a  common  drift  towards  some  point  not  far  distant  from  the 
magnetic  pole. 

Now  it  is  well  recognized  that  this  ice  drift  is  essentially  con- 
trolled by  the  winds.  The  sea  currents  are,  to  be  sure,  a  factor, 
but,  except  as  they  are  an  expression  of  wind  action,  they  seem 
to  be  relatively  ineffectual.  These  movements  have  therefore 
suggested  the  hypothesis  that  the  pole  of  the  winds  is  not  identi- 
cal with  the  pole  of  the  earth,  but  lies  somewhere  in  the  quarter 
toward  which  the  ice  drift  tends  to  concentrate  itself.  This  is 
based  on  the  assumption  that  the  supposed  spiral  course  of  the 
winds  about  the  atmospheric  pole  tends  to  concentrate  the  ice 
at  it.  It  is  not  difficult  to  find  data  in  lower  latitudes  that  fall 
in  with  this  hypothesis,  as,  for  instance,  the  predominant  course 
of  mid-latitude  cyclones  in  this  country  and  the  trend  of  the 
Asiatic  arid  belts. 

This  is  not  the  place  to  argue  the  hypothesis  nor  to  set  forth 
the  numerous  and  important  corollaries  that  spring  from  it.  A 
sufficient  number  of  significant  corollaries  will  doubtless  suggest 
themselves  to  indicate  its  importance,  if  trtie.  The  purpose  in 
hand  is  to  show  how  decisive  the  determination  of  the  course 
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of  any  representative  body  of  air  in  those  regions  must  be  on 
such  a  hypothesis  and  on  similar  hypotheses.  If  Andree's 
balloon  follows  a  spiral  course  (cyclonic  gyrations  aside)  whose 
center  lies  in  the  quarter  toward  which  the  ice  concentrates, 
the  hypothesis  will  receive  encouragement.  If  not,  it  becomes 
a  hopeful  candidate  for  the  limbo  of  unsupported  inferences. 
The  reverse  may  be  said  respecting  the  common  assumption 
of  a  strictly  axial  whirl,  but  as  that  rests  on  general  probabilities 
it  does  not  so  well  illustrate  the  critical  value  of  an  actual  test  of 
the  movement  of  the  air. 

On  quite  other  grounds  it  might  equally  well  be  affirmed  that 
the  navigation  of  the  Arctic  air  by  balloons  will,  if  found  practi- 
cable, have  its  own  peculiar  function  which  neither  ship  nor 
sledge  can  supply.  T.  C.  C. 

♦ 

The  state  of  Missouri  has  recently  had  deep  disgrace  thrust 
upon  it  by  the  removal  of  the  efficient  director  of  the  Geological 
Survey  and  by  the  appointment  of  men  to  its  care  and  conduct 
who  possess,  according  to  information  that  we  deem  trust- 
worthy, not  only  no  competency  to  perform  their  duties,  but 
not  even  a  plausible  semblance  of  competency.  These  appoint- 
ments have  apparently  no  other  motive  than  the  conferring  of 
personal  or  political  favors.  No  causes  of  complaint,  we  are 
informed,  were  even  alleged  against  the  previous  conduct  of  the 
Survey  or  against  the  officials  in  charge  of  it.  The  scientific 
public  has  had  ample  demonstration  of  the  vigor  and  energy 
with  which  the  Survey  has  been  prosecuted,  the  promptness 
with  which  its  results  have  been  published,  and  the  adaptation 
of  the  work  to  the  development  of  the  economic  as  well  as  sci- 
entific resources  of  the  state.  It  appears,  therefore,  that  the 
moneys  appropriated  by  the  state  of  Missouri  for  the  laudable 
purpose  of  investigating  and  advertising  its  resources  and  of 
informing  its  people  concerning  their  own  sources  of  material 
and  intellectual  wealth  are  being  virtually  diverted  from  the 
purposes  specifically  indicated  by  the  statute  of  the  state,  and 
arc  being  used  for  the  personal   and   political  interests   of  the 
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governor  and  his  friends  in  the  form  of  payment  for  worthless 
services.  We  are  not  sufficiently  informed  in  the  technicalities 
of  law  and  the  processes  of  the  courts  to  know  how  legal  action 
in  a  case  of  this  kind  can  be  instituted  and  maintained,  but  if 
the  appointees  are  as  obviously  incompetent  as  information 
indicates,  they  are  simply  consuming  the  funds  of  the  state  to 
no  purpose  save  their  own,  and  we  think  that  an  effort  should 
be  made  to  procure  a  formal  declaration  by  the  courts  whether 
this  is  not  a  virtual  embezzlement,  and  if  so,  to  secure  the  award 
of  the  proper  punishment.  If  there  is  now  no  way  of  compel- 
ling a  governor  to  respect  the  laws  of  a  state  and  the  purposes 
of  its  statutes,  a  way  should  be  provided.  T.  C.  C. 


Reviews. 


The  Bedford  Oolitic  Limestone  of  Indiana.  By  T.  C.  Hopkins  and 
C.  E.  SiEBENTHAL.  Extr.  2ist  Ann.  Rep.  Dept.  of  Geology 
and  Natural  Resources  (of  Indiana).  W.  S.  Blatchley, 
State  Geologist,  Indianapolis,  1896. 

All  of  the  older  geological  maps  of  Indiana  show  the  various  rocks 
across  that  state  in  broad,  sweeping  lines,  and  that,  too,  in  spite  of  the 
fact  that  the  rocks  are  everywhere  nearly  horizontal  and  have  been 
deeply  trenched  by  the  streams.  The  last  two  reports  of  State  Geolo- 
gist Blatchley  have  shown  a  great  improvement  in  this  respect  —  the 
maps  by  Hopkins  and  by  Kindle  in  the  twentieth  report  and  those  by 
Hopkins  and  Siebenthal  in  the  twenty-first  report  are  by  far  the  best 
that  have  yet  appeared  of  the  areas  represented,  showing,  as  they  do, 
the  dendritic  form  of  outcrop  to  be  expected. 

From  the  earliest  to  the  latest  of  the  Indiana  reports,  almost  every 

one  has  had  something  to  say  of  the  well-known  oolitic  limestone; 

but    hitherto  there  has   been  no  report  on  this  rock  that  could  lay 

claim   to  being  a  systematic  description   and  discussion   of  it.     The 

present  report  bears  internal  evidence  of  having  been  prepared  under 

pressure,  but  it  is  nevertheless  a  highly  creditable  and  valuable  piece  of 

work,  and  by  far  the  best  report  ever  made  on  the  Bedford  stone.    The 

maps  show  a  vast  amount  of  field  work,  and  exhibit  for  the   first  time 

the  distribution  of  this  valuable  building  stone.     We  are  glad  to  see 

that  the  authors  do  not  feel  it  incumbent  upon  themselves  to  **puff" 

the  Bedford  stone.     This  and   every  other  good  .building  stone,  once 

it  is  given  a  chance,  may  be  trusted  to  take  care  of  its  own  reputation 

without  any  such  help   from  geologists  as  that  quoted  on   page  323. 

Evidently  some  people  think  the  truth  can  be  improved  upon.     What 

Mr.  Hopkins  says  is  certainly  as  much  as  reasonable  people  can  ask. 

"The  Bedford  oolitic  limestone  can  unhesitatingly  be  recommended  as 

one  of  the  most  durable  building  stones  on  the  market,  where  not 

exposed  to  the  action  of  acids.     It  is  fireproof  up  to  the  point  of  cal- 
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cination,  in  which  property  it  can  be  surpassed  by  no  other  limestone 
and  but  few  other  building  stones,  as  very  few  are  absolutely  fire- 
proof." The  list  of  the  more  important  buildings  made  of  the  oolitic 
limestone  at  the  end  of  the  report  shows  that  it  is  already  used  in 
almost  every  state  of  the  Union,  in  which  use  the  cities  of  Chicago, 
Indianapolis,  and  New  York  lead. 

Statistics  show  that  over  six  million  cubic  feet  of  Bedford  stone 
was  quarried  in  1895,  worth  more  than  a  million  and  a  half  of  dollars; 
1784  men  were  employed  that  year  in  the  quarries,  to  say  nothing  of 
those  engaged  in  stone-cutting,  transportation,  and  building.  The 
work  includes  valuable  statistics,  tests,  and  analyses,  and  many 
instructive  photographs  of  quarries,  machinery,  exposures,  and  build- 
ings, and  closes  with  a  bibliography  of  oolites  in  general  and  of  the 
Bedford  stone  in  particular. 

In  the  way  of  minor  criticisms  abandoned  quarries  are  indicated  on 
the  maps,  but  not  those  in  operation  ;  while  the  lithographing  of  the 
maps  is  neatly  done,  the  distinctions  between  formations  might  have 
been  clearer  in  some  cases  without  increasing  the  cost  of  the  maps. 

The  most  serious  criticism  of  the  report  is  one  for  which  the 
authors  are  not  responsible,  but  it  is  one  that  unfortunately  applies  to 
many  of  our  state  reports,  and  is  referred  to  here  rather  on  general 
principles  than  on  account  of  it  being  especially  applicable  to  the 
present  case ;  we  refer  to  the  short  time  allowed  for  its  preparation. 
No  matter  what  the  worker's  aims,  intentions,  or  abilities  may  be, 
behind  him  is  the  state  geologist  demanding  much  work  in  a  short 
time  and  at  little  expense ;  the  state  geologist  imagines  the  legislature 
is  making  the  same  demands  on  himself,  while  behind  the  legislature 
are  the  people  asking  for  practical  results.  In  our  national  surveys  we 
have  pretty  much  the  same  state  of  affairs — a  constant  demand  for 
something  to  show  for  the  money  used.  As  a  matter  of  fact,  the  prac- 
tical results  of  hasty  work  cannot  be  the  best  results.  Haste  in  work 
of  this  kind,  like  haste  in  other  things,  is  waste.  It  is  our  decided 
opinion  that  no  member  of  a  legislature  or  of  Congress  will  object  to 
allowing  a  state  or  a  national  geologist  time  to  do  good  work  if  only 
the  truth  is  placed  fairly  before  him.  Last  year  we  had  a  valuable  paper 
by  Professor  Hopkins  on  the  carboniferous  sandstones  of  Western  Indi- 
ana ;  this  year  we  have  the  present  report  on  the  Bedford  stone,  and 
some  other  year  we  shall  have  reports  on  other  building  materials  of 
Indiana.     Thus  the  matter  that  ought  to  have  formed  a  single  mono- 
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graph  is  scattered  through  several  volumes,  disconnected,  and  there- 
fore less  known  and  less  valuable  either  to  the  state  or  to  the  general 
public.  Nevertheless,  the  state  geologist  is  to  be  congratulated  on  his 
selection  of  men  to  do  this  work  and  on  the  results  obtained  in  so  short 
a  time,  for  it  is  unquestionably  one  of  the  very  best  reports  made  in 
this  country  upon  building  stones.  J.  C.  Branner. 


The  Ancient  Volcanoes  of  Great  Britain,  By  Sir  Archibald 
Geikie,  F.  R.  S.  Macmillan  &  Co.,  London  and  New 
York,  1897. 

This  work,  as  Sir  Archibald  Geike  states  in  the  introduction,  is  the  out- 
growth of  his  presidential  addresses  before  the  Geological  Society  of  Lon- 
don in  which  he  sketched  the  volcanic  action  in  ancient  times  in  Great 
Britain,  whose  record  is  left  in  the  igneous  rocks  of  several  epochs  from 
pre- Cambrian  to  Tertiary.  No  other  part  of  the  earth,  so  far  as  now 
known,  presents  within  a  comparatively  small  area  such  evidences  of 
oft  repeated  volcanic  action  through  so  great  a  period  of  time.  Com- 
mencing in  pre-Cambrian  times  with  three  definitely  localized  volca- 
noes, the  series  is  found  to  have  extended  through  the  Cambrian,  Silur- 
ian, Devonian,  Carboniferous,  Permian  and  Tertiary  times.  The  impor- 
tance of  the  evidence  furnished  by  so  extensive  a  series  of  periods  of 
volcanic  activitv  as  to  the  cause  of  volcanic  action,  and  the  source  of 
the  materials  erupted  must  be  apparent. 

Its  bearing  on  the  question  as  to  whether  volcanic  phenomena  dif- 
fered materially  in  the  earlier  periods  of  geological  history  from  those 
of  recent  date,  is  also  most  valuable.  And  it  is  to  be  noted  that  the 
conclusion  reached  is  that  they  are  alike.  The  presentation  of  the  facts 
known  about  these  ancient  volcanoes  involves  a  description  of  mcks 
that  were  formed  in  various  situations  in  the  volcanoes  ;  upon  their  sur- 
face, within  their  mass  or  within  rocks  beneath  or  about  them  ;  and 
which  were  subjected  during  the  ages  to  processes  that  have  modified 
their  internal  character  and  sometimes  their  external  form.  In  order 
that  these  descriptions  may  be  understood  by  the  general  reader  the 
first  chapters  of  the  work  are  devoted  to  a  consideration  of  general 
principles  and  methods  of  investigation.  The  nature  and  causes  of  vol- 
canic action,  and  the  phenomena  connected  with  modern  volcanoes  are 
briefly  noted.     Considerable  space  is  given  to  the  characteristics  of 
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ancient  volcanoes,  the  nature  of  the  material  erupted,  and  the  several 
types  of  volcanoes.  Underground  phases  of  volcanic  action  are  also 
described ;  and  the  effects  of  subsequent  denudation  in  exposing  the 
rocks  and  their  influence  on  the  topography  and  scenery  are  discussed. 

The  major  part  of  the  work  treats  in  detail  of  the  volcanic  phenom- 
ena connected  with  each  period  of  activity,  beginning  with  that  in  the 
pre-Cambrian  time.  Upon  petrographical  grounds  the  most  ancient 
Lewisian  gneiss,  corresponding  to  what  is  often  called  Archaean,  is 
considered  to  have  been  originally  a  mass  of  various  eruptive  rocks. 
Although  they  have  been  subjected  to  great  mechanical  deform- 
ation, the  present  banded  structures  are  connected  with  the  original 
igneous  condition  of  the  rocks.  They  were  probably  underground 
lavas,  possibly  connected  with  extrusive  bodies.  With  these  rocks  are 
associated  dikes  of  basic  and  acid  rocks.  Rocks  of  volcanic  origin 
undoubtedly  occur  in  the  Dalradian  schists  of  Scotland  and  in  the 
gneisses  and  schists  of  Anglesey.  The  Uriconian,  Malvern,  and  Cham- 
wood  Forest  volcanic  rocks  are  all  of  pre-Cambrian  age.  The  volcanoes 
of  Cambrian  time  occurred  in  South  Wales,  North  Wales,  Malvern  Hills, 
and  Warwickshire ;  those  of  Silurian  time  occurred  in  Wales,  North  c>f 
England  and  in  Scotland,  and  Ireland  ;  partly  in  the  Lower,  partly  in 
the  Upper  Silurian.  Volcanic  activity  was  pronounced  in  Middle 
Devonian  times  but  in  certain  districts  extended  into  the  Upper  Devo- 
nian. In  the  period  of  the  Old  Red  Sandstone  there  existed  numer- 
ous centers  of  volcanic  activity.  In  Lower  Old  Red  Sandstone  time 
they  extended  from  Shetland  to  the  Chevoit  Hills  in  England  and  even 
to  Lake  Killarney,  and  from  the  coast  of  Berwickshire  on  the  North 
Sea  to  near  Lough  Erne  in  the  north  of  Ireland.  They  are  less  numer- 
ous in  Upper  Old  Red  Sandstone  time,  occurring  in  the  southwest  of 
Ireland  and  the  north  of  Scotland.  The  Carboniferous  age  was 
marked  by  prolonged  volcanic  activity  in  Scotland  and  by  restricted 
activity  in  England  and  Ireland.  The  volcanoes  were  partly  of  the 
plateau,  partly  of  the  puy  type,  accompanied,  of  course,  by  intrusive 
bodies.  The  Permian  volcanoes  of  Scotland  and  England  are  much 
less  important. 

Four  fifths  of  the  second  volume  are  devoted  to  the  volcanoes  of 
Tertiary  time,  for  the  reason  that  they  are  the  most  recent  and  their 
rocks  are  the  freshest  and  most  abundant.  They  occur  along  the  west 
coast  of  Scotland  and  the  northeast  of  Ireland.  The  dikes,  plateau,  and 
fragmental  rocks  are  described  in  detail,  and  an  account  of  the  mod- 
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ern  volcanoes  of  Iceland  is  introduced  by  way  of  illustration.  The 
eruptive  vents  and  the  intrusive  bodies,  as  sills  and  bases,  both  basic 
and  acid,  are  also  described. 

The  work  closes  with  an  account  of  the  subsidences  and  disloca- 
tions of  the  plateaux  and  the  effect  of  denudations.  The  final  chapter 
consists  of  a  brief  sunmiary  together  with  the  following  general  deduc- 
tions :  The  distribution  of  the  centers  of  volcanic  activity  has  been  along 
the  western  side  of  the  country  in  a  north  and  south  line.  The  per- 
sistency of  volcanic  activity  in  this  region  and  its  restriction  to  particu- 
lar localities  are  some  of  its  most  n)arked  features.  The  sites  of  volcanic 
vents  in  Britain  do  not  seem  to  have  been  determined  by  any  obvious 
structures  in  the  rocks  now  visible.  Volcanic  phenomena  cannot  be 
regarded  as  mere  isolated  and  incidental  features  in  the  physics  of  the 
globe.  They  are  intimately  connected  with  profound  terrestrial  move- 
ments. They  have  been  essentially  uniform  since  the  beginnings  of 
geological  time.  In  extent  and  rigor  the  earliest  eruptions  of  which 
we  have  records  did  not  differ  in  any  important  respect  from  those  of 
the  present  time.  However  volcanic  energy  has  not  manifested  itself 
uniformly  throughout  geological  time.  There  have  been  periods  of 
maximum  and  of  minimum  effectiveness.  The  character  of  the  vol- 
canic rocks  and  the  general  sequence  of  their  eruption  have  been  the 
same  with  slight  modification  for  all  the  periods  of  activity  in  this 
region.  J.  P.  Iddings. 

The  Submerged  Vtrlleys  of  the  Coast  of  California,  U,  S,  A.,  and  of 
Lower  California,  Mexico.  George  Davidson,  A.M.,  Ph.D., 
Sc.D.  (Member  of  the  National  Academy  of  Sciences, 
etc).,  Proc.  Calif.  Acad.  Sci.  Third  Series,  Geology,  Vol.  i. 
No.  2.  With  Nine  Plates.     San  Francisco,  1897. 

This  paper  gives  a  brief  description  of  the  Pacific  coast  from  the 
southern  extremity  of  Lower  California  to  the  Strait  of  Fuca.  The 
general  character  of  the  coast,  south  of  Cape  Mendocino,  is  bold  and 
rocky,  reachinij  considerable  elevations  within  a  few  miles  of  the  shore. 
These  coastal  ranges  are  broken  by  valleys  and  plains  of  varying  width 
which  may  or  may  not  correspond  to  the  submarine  depressions  des- 
cribed. 

liordering  the  coast  from  about  Cape  Mendocino  southward  there  is 
generally  a  submarine  platform,  having  an  average  width  of  ten  miles, 
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and  extending  to  the  loo-fathom  curve.  Beyond  this  platform  the 
descent  is  usually  rapid,  2000  fathoms  being  reached  in  from  35  to  100 
miles  from  the  shore. 

In  this  loo-fathom  platform  the  submarine  valleys  are  found,  head- 
ing either  close  to  the  shore  or  only  a  short  distance  out,  and  extend- 
ing to  a  depth  of  from  about  100  to  at  least  600  fathoms.  These 
valleys  vary  largely  in  direction,  form,  and  character  of  the  bottom. 
Four  valleys  are  found  off  the  coast  of  Lower  California  and  seventeen 
are  described  from  the  California  coast.  They  are  most  numerous 
near  the  southern  end  of  the  state,  and  near  Cape  Mendocino,  where 
four  of  considerable  size  are  found  within  a  stretch  of  twenty  miles. 
These  four  are  peculiar  in  heading  under  the  highest  parts  of  this  strip 
of  coast,  while  the  majority  of  the  channels  are  opposite  valleys  or 
openings  in  the  coast  ranges.  All  of  the  valleys  are  described  in  some 
detail  and  are  well  shown  by  submarine  contours  on  the  accompany- 
ing maps.  North  of  Cape  Mendocino  no  submarine  valleys  have  been 
noted  with  the  exception  of  one  indicated  near  the  mouth  of  the 
Columbia  River. 

Although  this  paper  is  of  importance  to  geologists,  no  direct  attempt 
is  made  in  it  to  give  the  geological  bearing  of  the  facts  stated.  One 
assumption,  which  is  open  to  criticism,  is  made  by  the  author  in  using 
the  term  "submerged"  where  he  formerly  used  "submarine,"  to 
describe  these  valleys,  since  it  is  doubtful  whether  all  of  them  can  be 
considered  as  submerged  channels.  The  studies  of  the  present  writer 
on  the  submarine  topography  of  a  part  of  the  California  coast  have  led 
him  to  the  conclusion  that  no  general  statement  can  be  made  as  to  the 
origin  of  these  valleys.  They  may  be  due  to  one  or  more  of  three 
causes  —  either  (i)  they  are  structural,  due  to  faulting  or  folding;  or 
(2)  they  are  due  to  the  forces  of  subaCrial  erosion,  and  therefore  are 
strictly  "submerged  valleys;"  or  (3)  they  may  possibly  be  due  to  sub- 
aqueous erosion  in  delta  deposits.  Under  which  of  these  heads  a 
given  valley  should  be  placed  must  be  determined  by  a  special  study 
not  only  of  the  submarine  features  but  of  the  topography,  stratigraphy 
and  structure  of  the  neighboring  land  area,  and  possibly  also  of  the 
characters  of  the  shore-currents  at  that  point. 

W.  S.  Tangier  Smith. 
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THE  NEWARK  SYSTEM  OF  NEW  JERSEY.' 

The  Newark  system  extends  across  the  northern  part  of  New 
Jersey,  forming  a  belt  which  is  about  thirty -two  miles  wide  along 
the  Delaware  River,  while  its  width  at  the  New  York  state  line  is 
about  fifteen  miles.  The  southeastern  boundary  from  Trenton 
northeastward  to  Staten  Island  is  for  the  most  part  formed  by 
the  overlying  Cretaceous  beds.  Near  Trenton,  however,  the 
underlying  Philadelphia  gneiss  outcrops  for  a  few  miles.  The 
waters  of  the  Kill  von  Kull,  New  York  Bay  and  Hudson 
River  form  the  boundary  from  Staten  Island  northward.  The 
northwestern  boundary  is  irregular  and  is  formed  entirely  by 
older  rocks,  —  crystallines  and  Palieozoic  shales  and  limestones. 
This  paper  has  to  do  with  that  part  of  the  area  lying  southwest 
of  a  line  drawn  from   Metuchen,  through  Plainfield  to  Peapack. 

Topography, — In  general  the  area  is  a  gently  rolling  plain, 
having  an  average  elevation  of  100  to  250  feet  A.  T.  The  plain 
is  interrupted  by  the  valleys  and  trenches  of  the  present  streams 
and  hills,  ridges  and  plateaus  of  harder  rock.  The  largest  of 
these  is  the  Hunterdon  plateau.  Commencing  at  Raven  Rock  on 
the  Delaware  River  a  prominent  escarpment  extends  northeast- 
ward, past  Flcmington,  where  it  bends  north  and  then  northwest, 
finally  terminating  near  Lansdown  about  eighteen  miles  from  the 

'  Published  by  permission  of  the  State  Geologist  of  New  Jersey.     For  a  more 
detailed  statement  of  all  the  facts  upon  which  this  paper  is  based,  see  Annual  Report 
of  the  State  Geologist  for  1896,  pp.  25-88. 
Vol.  v.,  No.  6.  541 
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Delaware  River.  Northwest  of  rhLs  line  Ls  a  broad  plateau,  hav- 
ia^  aa  average  elevation  of  about  occ  feet.  It  exteads  west- 
ward into  Pennsylvania,  bein^  dissected  by  the  Delaware  to  a 
deoth  of  -lOO  to  zzQ  feet.  Its  highest  ;:art  is  aloa:^:  the  south 
and  east,  about  a  mile  back  from  the  top  of  the  escarpment. 
Thence  it  declines  in  ele\-at:on  very  gently  northward  and  west- 
ward. The  escarpment  l5  most  marked  in  the  vicinitv  of  Flcm- 
iazton.  where  the  contrast  in  hardness  between  the  rocks  of  the 
olateau  and  of  the  low  ground  is  the  most  marked. 

Sourland  clateau  extends  fn^m  L-ambertv":lle  on  the  Delaware, 
northeastward  for  seventeen  miles  It  has  an  average  width  of 
four  and  a  hilf  miles  and  varies  in  height  from  45a  to  560  feet. 
The  backbone  of  the  plateau  :s  a  belt  of  trap  rock,  a  mile  in 
width,  but  the  hard  sandstones  and  arzillites  on  either  side  rise 
nearly  to  the  same  elevation  In  the  \-icinity  of  Hopewell  and 
northward,  the  plateau  is  separated  from  the  low  plain  to  the 
southeast  by  an  escarpment  \-aryin^  from  ZQQ  to  4CX)  feet  in 
height.  Other  m.asses  of  trap  rock  forming  minor  hills  and 
rldjTes  rise  from  ^-co  to  ^00  or  rco  feet  above  the  s^neral  level. 
Alonz  the  northwestern  boundary-  also  there  are  several  marked 
elevat::>ns  due  to  massive  ■>:iuartjite  conglomerates. 

THE    S0C5^. 

It  has  been  found  tvssible  to  di\-:de  the  sedimentarv  rocks 
of  the  Newark  system  into  three  subvii\"isions/  These  are  not 
based  upon  paljeontolo^lcal  evidence,  since  fossils  are  too  few  to 
be  used  f  rr  this  rurrose.  but  on  lit  ho  locical  diaferences.  which 
permit  the  establishment  of  recocnirable  horirons.  While  fully 
aware  of  the  viingers  attending  the  use  of  lithological  characters 
in  correlativT..  the  author  :s  conndent  that  in  this  case  they  have 
been  reduced  to  a  minimum.  o-Arln^  to  the  care  with  which  the 
beds  have  been  traced  ste*.?  bv  stev.     The  beds  of  the  three  series 

•js  xiT  r«;s-i.'rJ  :v  ::   i-Crr-.-r:-^  x=  :  tric:::^:  :;<  scrricriri-  ^«mri  urine n:$w 
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grade  into  each  other  vertically  through  transition  zones  several 
hundred  feet  in  thickness,  so  that  it  is  not  always  easy  to  delimit 
them  exactly  in  the  field.  Moreover,  all  three  members  lose  to 
a  great  extent  their  distinctive  characteristics  when  traced  along 
the  strike  of  the  northwestern  boundary  north  of  Pittstown.  With 
these  exceptions,  however,  the  beds  of  each  division  are  en  masse 
quite  unlike  and  readily  separable  from  each  other.  The  accom- 
panying map  shows  their  location  and  the  main  faults  by  which 
they  are  repeated. 

Stockton  series, — The  basal  beds  of  the  system  are  found  at 
Trenton  where  they  rest  unconformably  upon  the  older  crystal- 
line rocks.  They  consist  of  {a)  coarse,  more  or  less  disinte- 
grated arkose  conglomerates  ;  (^)  yellow,  micaceous,  feldspathic 
sandstone  ;  (r)  brown-red  sandstones  or  freestones,  and  (rf) 
soft  red  argillaceous  shales.  These  are  interbedded  and  many 
times  repeated,  a  fact  which  indicates  rapidly  changing  and 
recurrent  conditions  of  sedimentation.  Although  there  are  many 
layers  of  red  shale  in  this  subdivision  the  characteristic  beds  are 
the  arkose  conglomerates  and  sandstones,  the  latter  of  which 
afford  valuable  building  stones. 

In  addition  to  the  cross-bedded  structure  which  often  prevails 
in  the  sandstones,  ripple-marks,  mud-cracks  and  impressions  of 
rain  drops  occur.  The  rapid  alternation  from  conglomerates  to 
shales  and  vice  versa,  the  changes  in  composition  in  individual 
beds,  the  cross-bedding,  ripple-marks,  etc.,  all  indicate  very 
clearly  that  these  beds  were  deposited  in  shallow  water  in  close 
proximity  to  the  shore.  The  bulk  of  the  material  of  which  they 
are  composed  was  derived  from  the  crystalline  rocks  on  the  south 
and  southwest. 

Owing  to  the  tilting  and  faulting,  the  Stockton  beds  out- 
crop in  several  belts  as  shown  by  the  map.  The  most  important 
areas  are  {a)  the  Trenton  area,  which  extends  northeastward  to 
Princeton  beyond  which  place  it  is  mostly  buried  by  Cretaceous 
and  Jamesburg  deposits  ;  (^)  the  Hopewell  area  along  the  south- 
eastern face  of  the  Sourland  plateau,  where  the  upper  part  of  the 
scries   has    been   brought    to    the   surface  by   a   fault ;   (r)    the 
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Stockton  area,  where  the  upper  layers  are  exposed  in  numerous 
quarries  near  the  village  of  Stockton ;  {d)  the  area  north  of 
Flemingfton. 

In  the  Stockton  area  the  upper  limit  of  the  series  extends 
along  the  crest  of  the  escarpment  of  the  Hunterdon  plateau,  the 
steep  slope  being  formed  by  the  upper  beds  of  Stockton  series 
which  are  here  predominantly  red  shales,  with  an  occasional 
sandy  layer.  Northeastward  this  belt  is  terminated  by  a  g^eat 
fault  which  crosses  the  beds  obliquely  so  that  the  belt  becomes 
narrower  and  finally  pinches  out  a  few  miles  southwest  of  Flem- 
ington.  Within  this  area  the  more  massive  conglomeratic  beds 
form  three  broad  low  ridges,  each  of  which  terminates  somewhat 
abruptly  at  the  fault. 

An  important  modification  was  found  in  the  character  of  this 
series  within  the  area  north  of  Flemington.  Where  the  rocks 
first  occur  near  Flemington,  they  consist  of  coarse  arkose  sand- 
stones and  red  shales.  The  transition  here  to  the  overlying  series 
is  through  sandy  shales  similar  in  texture  and  thickness  to  the 
uppermost  layers  northwest  of  Stockton.  As  the  northwestern 
border  of  the  formation  is  approached  the  arkose  conglomerate 
and  sandstones  give  place  to  red.  shale  beds  or  sandstones  and 
conglomerates  of  a  different  type.  For  a  distance  of  four  miles 
southeast  of  Clinton  the  basal  beds  of  the  formation  rest  uncon- 
formably  upon  Silurian  shales,  limestones,  and  still  older  quartz- 
ite  and  gneiss.  Material  from  these  formations  has  determined 
the  local  character  of  the  Newark  beds.  In  place  of  the  free- 
splitting  brown  and  red  sandstones,  there  occur  coarser  beds 
made  up  largely  of  thin  bits  of  shale,  and  small  quartzite  pebbles. 
Although  the  Stockton  beds  rest  in  part  upon  the  limestone  and 
gneiss,  these  rocks  occur  but  rarely  in  this  part  of  the  newer 
formation.  Their  comparative  absence  has  not  been  satisfactorily 
explained. 

Lockatong  scries, — Above  the  Stockton  beds  there  is  a  series 
of  hard,  dark-colored  shales  and  flagstones,  which  I  have  called 
the  Lockatong  beds  from  the  name  of  the  creek  in  Hunterdon 
county,  along  which   they  are  best  exposed.     They  consist  of 
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{a)  carbonaceous  shales,  which  split  readily  along  the  bedding 
planes  into  thin  laminae,  but  have  no  true  slaty  cleavage  ;  {h) 
hard,  massive,  black  and  bluish-purple  argillites ;  {c)  dark  gray 
and  green  flagstones;  (^)  dark  red  shales  approaching  a  flag- 
stone ;  (^)  and  occasional  thin  layers  of  highly  calcareous  shales. 
There  are  all  gradations  between  these  somewhat  distinct 
types,  so  that  the  varieties  of  individual  beds  are  almost 
countless.  Some  of  the  argillites  are  specked  with  minute  crys- 
tals of  calcite  and  the  faces  of  joint  planes  and  cavities  are  fre- 
quently covered  with  deposits  of  the  same  mineral.  Minute 
crystals  of  iron  pyrites  occur  frequently  in  some  layers,  but 
apart  from  them  and  the  calcite,  secondary  minerals  were  not 
found,  macroscopically,  in  these  beds. 

Both  ripple-marks  and  mud-cracks  occur  at  all  horizons  in 
the  Lockatong  beds,  showing  that  shallow  water  conditions  pre- 
vailed throughout  the  time  of  their  deposition.  On  the  other 
hand,  the  absence  of  strong  currents  or  violent  shore  action  is 
indicated  by  the  extreme  flnencss  of  the  material. 

Owing  to  the  faulting  these  beds  occur  in  several  well-marked 
belts,  in  each  case  overlying  conformably  the  Stockton  series. 
The  first  belt  reaches  the  Delaware  between  Wilburtha  and 
Washington's  Crossing,  and  extends  northeastward  through 
Ewingville,  Lawrenceville,  and  Princeton,  where  there  are  several 
large  quarries  in  the  argillite  beds.  East  of  the  Millstone  River 
the  limits  of  this  belt  cannot  be  determined  accurately  owing  to 
the  veneer  of  the  Jamesburg  formation,  but  from  a  few  scattered 
outcrops  and  borings,  these  beds  probably  cross  the  Raritan 
River  below  the  mouth  of  Lawrence  Brook. 

The  Lockatong  beds  occur  again  along  the  southeastern  side 
of  the  Sourland  plateau,  resting  upon  the  narrow  belt  of  Stock- 
ton sandstones  which  forms  the  escarpment  of  this  upland.  From 
the  Delaware  River  to  the  village  of  Newmarket  the  upper  limit 
of  the  beds  lies  a  little  below  the  trap  sheet  which  forms  the 
backbone  of  the  upland.  The  interval  between  them  is  occu- 
pied by  the  softer  red  shales  of  the  third  series,  which  are  some- 
what metamorphosed  near  the  igneous  rock.     Northeast  of  New- 
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market,  owing  to  a  sharp  curve  in  the  trap  sheet  by  which  it 
crosses  the  beds  nearly  at  right  angles,  the  Lockatong  beds  occur 
on  both  sides  of  the  trap,  their  upper  limit  being  about  1760 


feet  above  the  latter.  The  plateau,  which  owes  its  elevation  to 
the  hardness  and  durability  of  the  argillite  flagstones  and  trap, 
is  terminated  on  the  northeast  by  the  fault. 

The  most  extended  outcrop  of  the  Lockatong  beds  occurs  on 
the  Hunterdon  plateau,  in  the  region  known  as  "the  Swamp." 
As  shown  on  the  accompanying  map  the  width  of  the  outcrop  is 
greater  here  than  elsewhere  due  to  diminished  dips,  lo"  to  13° 
here  as  against  15°  to  20°  on  the  Sourland  plateau,  and  the  belt 
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forms  a  broad  regular  curve,  due  to  the  synclinal  structure.  The 
height  of  the  Hunterdon  plateau  is  due  to  the  wide  outcrop, 
curving  strike  and  hardness  of  these  rocks  and  of  the  upper  layers 
of  the  Stockton  series,  all  of  which  have  retarded  greatly  the 
forces  of  denudation,  so  that  whereas  the  adjoining  softer  rocks 
have  been  reduced  to  an  average  elevation  of  under  200  feet,  this 
belt  has  an  elevation  of  from  500  to  700  feet. 

Along  the  Lockatong  and  Wickecheoke  creeks,  which  have 
deeply  incised  the  margin  of  the  plateau,  rapids  and  falls  abound. 
Hard  dark  red  flags  are  interbedded  with  the  black  argillites, 
and  some  of  the  more  pronounced  beds  can  be  easily  traced  for 
several  miles  along  the  curving  strike.  This  was  done  in  so 
many  cases  at  different  horizons  as  to  render  it  almost  certain 
that  this  belt  is  not  traversed  by  faults  of  any  magnitude.  The 
width  of  outcrop  is  due  to  the  great  thickness  and  the  gentle 
dip. 

Modification  of  the  Lockatong  beds, — Important  modifications 
were  found  to  occur  in  this  series  near  the  northwestern  bound- 
ary. The  shales  and  argillites  grade  into  sandstones,  and  these 
into  coarse  conglomerates.  Some  layers  become  slightly  arkosc. 
This  change  occurs  along  the  strike,  and  is  accomplished  within 
six  miles  or  less.  Within  a  mile  and  one-half  along  the^'strike 
from  the  point  where  the  first  pebble-bearing  layers  were  noted, 
the  series  is  composed  chiefly  of  massive  conglomerates  in  which 
the  pebbles  are  frequently  six  or  eight  inches  in  diameter.  Since 
not  only  the  Lockatong  beds  but  the  next  higher  series  also 
grade  into  these  marginal  conglomerates,  it  will  be  well  to  post- 
pone further  consideration  of  them  for  a  brief  space. 

The  Lockatong  beds  give  rise  to  a  rather  heavy  wet  clay 
soil.  The  surface  is  quite  thickly  strewn  with  slabs  of  argillite 
and  flagstone,  and  on  the  slopes  outcrops  are  generally  abun- 
dant. Except  in  places  favorable  to  the  accumulation  of  the 
soil  from  higher  slopes  its  depth  is  generally  less  than  five  or  six 
feet. 

The  Brunswick  shale  series, — I  have  applied  this  name  to  the 
great  thickness  of  soft  shales  and  occasional  sandstone  layers 
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which  overlie  the  Lockatong  beds,  and  which  are  so  well  exposed 
in  the  valley  of  Raritan,  particularly  near  New  Brunswick.  They 
are  predominantly  red  in  color,  although  a  few  purple,  green, 
yellow,  and  black  layers  occur.  In  general  this  series  consists 
of  a  monotonous  succession  of  very  soft  argillaceous  red  shales 
which  crumble  readily  to  minute  fragments,  or  split  into  thin 
flakes.  Much  of  it  is  porous,  the  minute,  irregular-shaped  cavi- 
ties being  often  partially  filled  with  a  calcareous  powder.  Cal- 
cite  veins  and  crystals  are  common  in  some  layers.  Locally 
lenticular  masses  of  green  shale  occur  in  the  red.  In  size  these 
range  up  to  a  foot  or  two  in  diameter,  and  vary  in  shape  from 
nearly  spherical  to  lenticular  masses,  narrowing  down  to  thin 
sheets  along  cracks.  They  are  undoubtedly  due  to  chemical 
changes  resulting  in  the  leaching  of  the  shale. 

Although  the  majority  of  this  series  are  soft  red  shales,  there 
are  some  hard  layers,  chiefly  near  the  base,  and  occasional  beds 
of  fine-grained  sandstone  and  flagstones,  some  of  which  afford 
valuable  building  material.  Massive  conglomerates  along  the 
northwestern  border  are  in  part  the  shoreward  correlatives  of  the 
red  shales. 

Evidence  that  the  shales  were  deposited  in  shallow  water  is 
abundant.  Ripple-marks,  mud-cracks  and  rain-drop  impressions 
occur  at  many  horizons.  In  some  quarries  imprints  of  leaves,  of 
tree  stems,  or  the  stems  themselves  are  frequently  found.  The 
numerous  reptile  tracks  which  have  made  the  Newark  beds 
famous  occur  chiefly  in  this  subdivision.  Typical  exposures 
occur  along  the  Raritan  River,  particularly  near  New  Brunswick. 

The  Brunswick  beds  underlie  all  the  region  under  discussion 
except  that  occupied  by  the  Lockatong  and  Stockton  beds  and 
the  trap  rocks.  This  area  is  considerably  more  than  two-thirds 
of  the  whole,  partly  because  of  the  great  thickness  of  the  series 
and  partly  because  the  beds  have  been  bent  into  broad,  gentle 
folds.  Standing  on  the  northern  end  of  Sourland  plateau  one  has 
a  magnificent  view  of  the  low  plain  formed  on  the  Brunswick 
shales,  chiefly  in  the  Raritan  valley,  of  the  trap  ridges  which 
interrupt  its  continuity  and  of  the  enclosing  highlands.     To  the 
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west  is  the  Hunterdon  escarpment,  forming  the  westward  limit 
of  the  Brunswick  shales  and  marking  the  line  of  a  great  fault, 
by  which  the  rocks  of  the  plateau  have  been  uplifted  several 
thousand  feet.* 

Thirteen  to  sixteen  miles  to  the  north  across  the  low  shale 
plain  are  the  gneiss  highlands,  and  eight  miles  northeastward 
are  the  curving  level  crests  of  the  Watchung  trap  ridges  which  are 
interbedded  with  the  Brunswick  shales,  and  beyond  which  the 
shale  lowland  extends.  No  high  ground  meets  the  eye  to  the 
east  toward  New  Brunswick  thirteen  miles  away,  but  to  the  south 
rises  the  Rocky  Hill  trap  ridge,  at  one  point  deeply  cut  through 
by  the  Millstone,  and  there  marking  the  approximate  limit  of 
the  Brunswick  shales.  To  the  southwest  there  stretches  away 
on  cither  side  of  the  narrow  plateau  on  which  we  stand,  a 
strip  of  rolling  lowland,  likewise  underlain  by  the  Brunswick 
shales. 

These  rocks  also  outcrop  above  the  Lockatong  series  in  the 
northern  part  of  the  Hunterdon  plateau.  They  are  exposed  in 
high  bluffs  along  the  Delaware  above  and  below  Frenchtown. 
It  was  found  that  the  shales  of  this  area  when  traced  along  their 
strike  towards  the  margin  of  the  formation  became  rapidly  coarser, 
passing  along  some  horizons  into  massive  conglomerates.  It 
will  be  remembered  that  similar  changes  were  found  to  take  place 
in  the  Lockatong  and  Stockton  beds,  so  that  within  two  or  three 
miles  of  the  margin  the  distinctions  between  the  three  subdi- 
visions are  largely  obliterated. 

Quartzite  conglomerates, —  At  a  number  of  points  along  the 
northwestern  boundary  of  the  Newark  system  there  are  thick 
accumulations  of  massive  conglomerates,  composed  chiefly  of 
quartzite  and  hard  sandstone.  Pebbles  of  limestone,  gneiss  and 
shale  occur  in  some  layers,  but  sparingly.     All  the  constituent 

'The  height  of  the  plateau  above  the  red  shale  plain  is  not  due  to  the  fault, 
although  the  latter  lies  along  the  foot  of  the  escarpment.  As  shown  by  Professor 
Davis  (Proc.  Bost.  Soc.  of  Nat.  Hist.,  Vol.  XXIV,  pp.  365-423)  this  region  was  base- 
leveled  in  Cretaceous  times  or  thereabouts,  and  the  present  topography  is  due  to  dif- 
ferential degradation  of  rock  masses  of  unequal  hardness,  conse<}uent  upon  an  uplift 
which  affected  the  whole  region. 
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materials  are  well  rounded,  a  fact  which  in  the  case  of  the  hard 
quartzites  indicates  a  long  period  of  attrition. 

These  conglomerates  interbedded  with  sandstones  and  shales 
are  best  exposed  in  the  "pebble  bluffs'*  along  the  Delaware, 
above  Milford.  The  conglomerates  form  lenticular  beds  which 
occasionally  thin  out  in  the  distance  of  a  few  rods,  to  be  replaced 
by  beds  of  different  texture.  The  alternation  of  the  beds  beto- 
kens shore  conditions. 

The  heaviest  accumulations  of  the  quartzite  conglomerate 
underlie  the  high  region  stretching  northwest  from  Pittstown 
and  south  of  Pattenburg.  This  region  is  known  as  "the  Bar- 
rens" from  the  nature  of  the  soil,  an  exceedingly  gravelly  clay 
resulting  from  the  disintegration  of  the  conglomerate.  Less 
massive  accumulations  occur,  also,  at  other  points,  chiefly  south 
of  Clinton,  and  again  four  miles  north  of  Peapack,  where  there 
is  an  outlier  of  this  rock  called  Mount  Paul. 

Calcareous  conglomerates, — Conglomerates  composed  almost 
entirely  of  limestone  fragments,  occur  at  a  number  of  localities 
along  this  border.  This  rock  is  in  appearance  almost  the  exact 
counterpart  of  the  famous  "Potomac  marble"  quarried  at  Point 
of  Rocks,  Maryland.  The  limestone  pebbles  are  usually  bluish 
or  gray,  sometimes  reddish,  set  in  a  red  mud  matrix,  so  that  the 
rock  has  a  variegated  appearance.  The  average  diameter  of  the 
larger  constituents  is  six  or  eight  inches,  but  bowlders  three  feet 
in  diameter  have  been  seen.  The  larger  fragments  are  generally 
rounded,  but  the  majority  of  the  smaller  are  sharp  cornered,  or 
at  most  subangular.  Compared  with  the  pebbles  in  the  quartzite 
conglomerate,  the  limestone  pebbles  are  poorly  rounded,  a  fact  of 
some  significance  in  connection  with  the  origin  and  source  of  the 
materials,  since  with  equal  transportation,  the  softer  limestones 
must  have  been  most  worn.  In  many  localities  this  conglomer- 
ate is  so  pure  a  limestone  that  it  is  quarried  and  burnt  for  lime 
for  local  use. 

The  relations  of  these  conglomerates  to  the  older  rocks  along 
the  border  are  significant.  In  some  localities  the  calcareous 
conglomerates   adjoin  small  areas  of  Palaeozoic  limestone   from 
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which  the  materials  may  have  been  and  probably  were  derived. 
In  other  cases,  and  this  is  true  of  the  largest  areas,  the  calcare- 
ous conglomerates  abut  against  the  gneissic  rocks,  and  for  much 
of  this  distance  it  is  certain  that  no  limestone  occurs  between  the 
gneiss  and  conglomerate,  at  least  not  at  the  surface  horizon. 
Gneissic  pebbles,  however,  occur  but  rarely  in  the  conglomerate. 
Substantially  the  same  conditions  prevail  in  the  case  of  the 
quartzite  conglomerate.  For  the  most  part  it  adjoins  the  gneiss, 
but  gneissic  pebbles  in  it  are  very  rare.  The  known  areas  of 
quartzite  from  which  the  materials  could  have  been  derived  are 
small,  and  in  general  not  near  the  massive  conglomerate  beds. 
These  facts  can  be  explained  on  the  hypothesis  of  a  fault  or 
series  of  faults  along  the  northwestern  border.  But  on  the  Del- 
aware River,  at  Monroe,  Pa.,  the  only  locality  along  the  border 
where  even  an  approach  to  a  good  section  was  found,  the  con- 
glomerates seem  rather  to  overlap  the  older  rocks  at  a  low 
angle,  than  to  be  faulted  against  them.  In  view  of  the  contra- 
dictory nature  of  the  evidence,  the  question  of  faults  along  this 
border  is  still  an  open  one. 

The  relation  of  the  conglomerates  to  the  shales  is  also  an 
interesting  and  significant  one.  When  traced  along  the  strike 
the  shales  and  argillites  are  found  to  grade  into  coarser  beds  which 
at  some  horizons  become  the  massive  conglomerates  near  the 
border.  That  this  is  the  case  has  been  established  beyond  a 
shadow  of  a  doubt  by  numerous  observations.  Time  and  again 
thin  pebbly  layers  were  seen  to  appear  in  the  shales  and  to 
increase  in  thickness  and  numbers  until  they  became  massive 
conglomerates.  This  is  true  both  of  the  calcareous  and  of  the 
quartzite  conglomerates. 

These  conglomerates  do  not,  therefore,  form  a  separate 
horizon  but  range  through  the  whole  formation.  Those  in  the 
bluffs  on  the  Delaware  River  above  Milford  belong  with  the  Bruns- 
wick shales.  So  also  do  a  part  of  those  of  the  Barrens  south- 
west of  Pattenburg.  Those  of  the  Barrens  north  and  northwest 
of  Pittstown  pass  into  the  Lockatong  beds  and  are  therefore 
older  than  the  conglomerates  nearer  the  Delaware.     The  pebbly 
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beds  south  of  Clinton  belong  in  the  Stockton  series.  Both  the 
calcareous  and  quartzite  conglomerates  near  Pottersville  and 
Peapack  belong  with  the  Brunswick  beds. 

It  must  be  understood  that  what  has  been  said  concerning 
the  above  conglomerates  does  not  apply  to  the  conglomerate 
layers  interbedded  with  shales  and  sandstones,  which  occur 
either  along  the  southeastern  part  of  the  formation,  near  Hope- 
well or  near  Stockton.  The  latter  are  comparatively  thin  beds 
of  little  importance  from  a  topographical  standpoint,  and  belong 
to  the  Stockton  series.  They  present  no  features  of  particular 
interest. 

Thickness  of  the  Newark  sedimentary  beds, —  All  estimates  of 
the  thickness  of  these  sedimentary  rocks  contain  an  element  of 
uncertainty.  This  arises  from  the  monotonous  character  of  the 
beds  and  the  difficulty  of  detecting  and  measuring  the  faults. 
In  addition  to  several  very  large  dislocations  which  have  been 
located  accurately,  a  number  of  smaller  fractures  have  been 
observed  in  quarries,  railroad  cuts;,  stream  bluffs,  and  other 
exposures.  Most  of  these  could  not  be  traced  beyond  the  point 
of  exposure.  After  making  all  possible  allowance  for  known 
faults,  I  am  compelled  to  admit  that  the  facts  in  hand  indicate  a 
vastly  greater  thickness  than  has  usually  been  supposed. 

The  thickness  of  the  Stockton  beds  between  Trenton  and 
Wilburtha  seems  to  be  2300  feet.  No  estimates  can  be  made  in 
the  area  near  Hopewell,  since  only  the  upper  part  of  the  series, 
650  feet  or  so,  is  there  exposed.  At  Brookville  below  Stockton 
the  base  of  the  formation  is  brought  to  the  surface  by  a  fault  and 
the  thickness  seems  to  be  4700  feet.  No  positive  evidence  of  a 
fault  could  be  found  within  this  area  to  account  for  the  greater 
thickness  as  compared  with  the  belt  near  Trenton,  whereas  there 
is  slight  evidence  that  the  whole  series  is  not  found  near  the 
latter  place. 

The  thickness  of  the  Lockatong  beds  is  best  shown  on  Hun- 
terdon plateau.  Here  the  upper  and  lower  limits  can  be  care- 
fully located.  The  dip  is  more  than  ordinarily  uniform  and 
outcrops  are  sufficiently  numerous  to  prevent  any  great  error  in 
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the  calculation.  More  than  this,  the  sweeping  curve  of  these 
rocks,  the  uniform  width  of  the  belt,  and  the  possibility  of 
tracing  certain  subordinate  but  well-marked  layers  continuously 
along  the  strike,  precludes  the  idea  that  any  great  part  of  its 
apparent  thickness  is  due  to  repetition  by  faulting.  Three 
independent  measurements,  made  at  intervals  several  miles 
apart  gave  results  of  3540  feet,  3450  feet,  and  3500  feet 
respectively. 

Three  measurements  of  the  thickness  of  these  same  beds  in 
the  Sourland  plateau  gave  substantially  the  same  results,  f.  ^., 
3600  feet,  3650  feet,  and  3660  feet.  The  fact  that  for  a  part  of 
the  distance  a  great  trap  sheet  has  been  intruded  into  these 
beds  and  elsewhere  has  caused  changes  in  the  adjoining  red 
shales,  makes  it  a  little  more  difficult  to  measure  these  beds. 
The  fact  that  the  thickness  of  these  beds  in  Sourland  plateau 
agrees  so  closely  with  that  of  the  same  beds  on  Hunterdon 
plateau  is  further  reason  for  believing  that  the  figures  here  given 
represent  very  closely  the  actual  thickness.  To  suppose  other- 
wise is  to  assume  that  these  two  separate  areas  are  each  trav- 
ersed by  faults,  whose  throw,  by  a  remarkable  coincidence,  is 
almost  exactly  the  same,  but  no  traces  of  which  have  been  dis- 
covered by  areal  work  of  the  most  detailed  character. 

The  thickness  of  the  Lockatong  beds  of  the  belt  near  Ewing- 
ville  and  Princeton  seems  to  be  only  about  half  of  that  in  the 
other  two  regions,  1.  r.,  1700  to  1800  feet.  As  noted  above,  the 
same  relative  thinness  was  observed  in  the  Stockton  beds  near 
Trenton  as  compared  with  those  further  north.  The  explana- 
tion may  lie  in  the  fact  that  the  beds  of  the  thinner  belts  are 
nearer  the  old  shore  line  than  the  others.  Stratified  deposits 
have  the  form  of  an  unsymmctrical  lens  which  thins  out  very 
rapidly  shoreward  and  very  gradually  seaward.  It  is  to  be 
expected,  therefore,  that  the  thickness  of  this  belt  would  be 
somewhat  less  than  that  of  the  others,  but  it  may  be  fairly  ques- 
tioned whether  in  the  case  of  such  fine  deposits  the  difference 
would  be  so  great  as  that  indicated  by  the  figures. 

The  thickness  of  the  Brunswick  beds  is  even  more  difficult 
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to  estimate  accurately.  This  is  due  to  the  uniformity  of  the  red 
shale,  which  renders  it  very  difficult  to  detect  the  presence  of 
faults,  to  the  folded  structure,  and  to  the  fact  that  the  entire 
thickness  is  not  present  in  this  part  of  the  state. 

West  of  Ringoes  the  shales  form  a  syncline  whose  axis 
plunges  northwest.  Estimates  made  here  show  that  between 
7000  and  8000  feet  of  shales  are  involved  in  this  folding. 
Between  the  mouth  of  Lawrence  Brook,  east  of  New  Brunswick, 
where  the  shales  disappear  beneath  the  Cretaceous  cover,  and 
the  base  of  First  mountain,  back  of  Bound  Brook,  the  beds  arc 
10,000  feet  thick,  provided  there  are  no  faults  in  the  interven- 
ing region.  In  the  Raritan  River  bluffs  below  New  Brunswick 
three  fault  breccias  were  found,  but  nothing  is  known  as  to 
the  amount  of  dislocation  beyond  the  fact  that  it  was  not  suffi- 
cient to  expose  the  Lockatong  beds  which  are  here  at  a  horizon 
about  1000  feet  lower.  From  the  amount  of  disturbance  and 
crushing  which  is  known  to  accompany  great  faults  in  other 
parts  of  this  area,  the  presumption  is  that  these  are  small.  A 
deduction  of  1000  feet  from  the  above  estimate  would  seem  to 
be  ample  for  these  and  any  undiscovered  fractures.  Nine  thou- 
sand feet,  however,  is  not  enough,  since  neither  the  base  nor  the 
top  of  the  Brunswick  beds  is  included  in  this  section.  They 
certainly  extend  for  2000  to  3000  feet  above  the  base  of  First 
Mountain.  In  the  light  of  the  present  facts  an  estimated  thick- 
ness of  12000  feet  for  the  Brunswick  shales  does  not  appear 
excessive,  although  in  view  of  the  uncertainties  connected  with 
the  structure,  too  much  emphasis  must  not  be  placed  upon  it. 

The  total  thickness,  therefore,  of  the  sedimentary  rocks  of 
the  Newark  system  in  western  New  Jersey  seems  to  be  about 
20,000  feet.  These  figures  are  so  great  that  one  naturally  hesi- 
tates to  accept  them,  but  the  facts,  so  far  as  known,  do  not  per- 
mit any  other  interpretation.  I  began  my  work  feeling  confident 
that  the  thickness  of  the  beds  was  much  less  than  this,  and  that 
they  were  many  times  repeated  by  faults.  However,  many  of 
the  faults  found  cross  the  beds  at  such  angles  as  to  be  ineffec- 
tive in   repeating  the   strata.     Furthermore,   the   fact  that  the 
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three  estimates  of  the  thickness  of  the  Lockatong  beds  in  the 
Hunterdon  plateau,  where  the  outcrop  is  so  curved,  agree  closely 
one  with  another,  and  also  with  the  various  estimates  of  the 
same  beds  on  Sourland  plateau,  make  it  improbable  that  the 
great  thickness  of  this  series  is  due  to  faults.  So,  too,  the  thick- 
ness of  a  part  of  the  Brunswick  shales  involved  in  a  synclinal 
fold  can  be  accurately  determined  and  the  possibility  of  the 
faulting  there  eliminated.  Again  a  narrow  trap  dike  was  traced 
uninterruptedly  from  the  back  of  Sourland  Mountain  near  Rock- 
town  to  Copper  Hill,  a  distance  of  five  miles.  The  dike  crosses 
the  strike  at  an  angle  of  45°  and  the  thickness  of  the  shales 
thus  traversed  is  between  6000  and  7000  feet.  There  are 
reasons  which  cannot  here  be  specified  for  concluding  that  the 
Sourland  trap  sheet,  and  therefore  the  dike,  were  intruded  into 
the  shales  during  Newark  time,  and  before  or  contemporaneous 
with  the  tilting.  If  these  reasons  are  valid  the  continuity  of  the 
dike  is  proof  that  the  shales  traversed  by  it  are  not  cut  by 
faults  along  the  strike.  Since  such  great  thicknesses  prevail 
in  these  beds,  which  are  only  a  part  of  the  whole  system,  there 
is  the  more  reason  for  accepting  the  figures  given  above.  It 
can  certainly  be  claimed  for  these  estimates  that  they  rest  upon 
a  much  larger  basis  of  fact  than  any  previous  figures. 

Trap  rock, — The  trap  rocks  in  the  Newark  series  have  been 
described  by  various  writers*  who  have  shown  that  both  intrusive 
and  extrusive  sheets  occur.  In  this  connection  I  desire  briefly 
to  call  attention  to  a  few  new  facts  which  confirm  the  conclusions 
of  some  of  the  earlier  observers. 

Three  narrow  dikes  were  found  to  start  from  the  upper  sur- 
face of  the  Sourland  Mountain  trap  mass,  and  were  traced 
through  the  overlying  shales  for  several  miles.  Their  existence 
proves  conclusively  that  this  sheet  is  intrusive.  It  would  naturally 
follow  that  the  continuation  of  Sourland  Mountain  in  Penn- 
sylvania is  also  intrusive,  although  Lyman*  has  published  very 
positive  views  to  the  contrary.     Moreover  the  fact  that  the  trap 

'Chiefly  Cook,  Russki.l,  Davis,  Darton,  Idmngs. 

*  Pennsylvania  State  Geol.  Surv.,  Final  Kept.,  Vol.  Ill,  Pt.  II,  p.  262. 
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locally  cuts  across  shales  for  a  total  of  1800  feet  is  certainly  well 
established.  The  Rocky  Hill  trap  sheet  does  not  follow  the 
strike  of  the  shales  but  crosses  them  more  or  less  obliquely. 
Where  it  terminates  near  Hopewell  it  is  6000  feet'  or  more 
above  the  base  of  the  Brunswick  shales,  whereas  at  Deans  sta- 
tion where  it  disappears  beneath  the  Cretaceous  beds,  it  is  1 500 
feet  below  them.  If  we  are  correct  in  assuming  that  Rocky 
Hill  is  a  continuation  of  the  Palisades,  the  sheet  descends  still 
further,  since  along  the  Hudson  it  is  found  in  beds  which  cer- 
tainly belong  to  the  Stockton  series.  A  recently  dug  quarry 
opposite  Point  Pleasant,  Pa.,  on  the  Delaware,  shows  that  the 
trap  mass  there  crosses  the  shales  at  a  steep  angle  and  is  also 
intrusive. 

Near  Sand  Brook  village,  southwest  of  Flemington,  there  is 
a  low  horseshoe-shaped  ridge  of  trap  formed  by  the  outcropping 
edges  of  a  synclinal  sheet  whose  axis  plunges  northwestward. 
This  sheet  is  extrusive  in  origin,  as  is  shown  by  the  following 
facts :  i^a)  It  is  conformable  to  the  enclosing  shale ;  (*)  the 
upper  surface  is  everywhere  extremely  vesicular  and  only  the 
lower  portion  is  dense  and  full  grained ;  [c)  the  overlying  shale 
is  absolutely  unaltered  within  one  and  two  feet  of  the  trap ;  [d) 
red  shale  has  filled  some  of  the  cavities  of  the  vesicular  trap, 
and  in  one  locality  a  thin  layer  of  finely  comminuted  trap,  glass 
and  red  shale  lies  between  the  normal  red  shale  and  the  vesicular 
trap.  This  sheet  has  not  heretofore  been  described  or  shown 
upon  published  maps. 

Metamorphosed  shales. — Numerous  allusions  are  made  in  the 
earlier  reports  to  metamorphosed  or  ** baked**  shales  associated 
with  the  trap  and  in  some  cases  found  faraway  from  any  igneous 
rocks.  The  black  argillites  of  the  Lockatong  series  have  been 
called  *•  baked  shales  "  by  some  writers  and  their  hardness  and 
blackness  ascribed  to  the  contact  with  the  trap,  although  no 
igneous  rocks  occur  near  them.  Metamorphosed  shales  do  occur 
in  connection  with  the  larger  in    usive  trap  masses,  but  all  the 

'  These  figures  are  correct  just  so  far  as  the  above  given  figures  of  the  total  thick- 
ness are  reliable. 
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hard  black  shales  are  not  '* baked"  shales.  The  most  marked 
macroscopic  changes  induced  in  the  altered  shales  are  [a)  a 
greater  or  less  induration,  {b)  change  in  color,  —  the  red  shales 
in  general  becoming  purple  and  then  a  blue-black  or  green  near 
the  trap,  and  (^)  the  development  of  secondary  minerals, — 
very  commonly  epidote  and  tourmaline.  Where  the  change 
has  not  produced  definite  crystal  forms  or  nodules,  an  incip- 
ient segregation  has  often  occurred,  giving  the  rock  a  more 
or  less  mottled  aspect,  and  on  weathered  surfaces  a  warty 
appearance,  although  this  latter  characteristic  is  not  limited  to 
the  metamorphosed  beds,  but  occurs  in  some  layers  of  the  Lock- 
atong  beds  far  from  any  known  trap. 

Of  these  three  changes  the  third  is  believed  to  be  the  most 
significant.  Mere  induration  or  change  of  color  do  not  neces- 
sarily signify  **  baking."  but  when  all  three  occur  together  and 
only  in  layers  in  close  proximity  to  certain  trap  sheets,  proved 
to  be  intrusive  by  their  structural  relations,  the  changes  can  be 
safely  ascribed  to  the  igneous  rock.  Many  of  the  baked  shales, 
on  weathering,  become  a  pale  blue  or  ashy  gray  color,  a  tinge 
never  taken  by  other  layers. 

Metamorphosed  shales  occur  both  above  and  below  the  trap 
of  Sourland  Mountain  and  are  well  exposed  in  the  bluffs  near 
Lambertvillc.  They  are  associated  also  with  the  Rocky  Hill 
sheet,  fine  exposures  being  found  along  the  canal  near  Rocky 
Hill  village.  In  fact  all  the  intrusive  trap  sheets  are  surrounded 
by  shales  which  have  been  more  or  less  altered  in  texture,  color, 
and  mincralogical  constitution.  Baked  shales  surely  exist  near 
some  of  the  trap  sheets,  but  all  hard,  black  shales  of  the  system 
are  not  baked,  as  was  formerly  supposed. 

Unclassified  beds. — It  has  been  impossible  to  classify  definitely 
the  beds  of  a  small  area  between  Mount  Airy,  Lambertville,  and 
the  mouth  of  Alexsocken  Creek.  Their  structure  is  complex, 
the  dips  vary  greatly  in  direction  and  amount,  and  in  many  cases 
they  are  crushed  and  distorted.  Two  small  masses  of  trap 
occur  within  the  area,  and  some  of  the  beds  are  certainly  meta- 
morphosed.    Whether  they  belong  to  the  Lockatong  or  Bruns- 
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wick  division  I  am  unable  to  say  on  account  of  the  complexity 
of  structure  and  their  varied  lithological  character. 

STRUCTURE. 

Folds, — The  general  structure  is  that  of  a  faulted  monocline, 
the  beds  of  which  trend  N.  30°  E.,  and  dip  12°  or  15°  to  the 
northwestward.  Examined  in  more  detail  the  structure  is  seen 
to  depart  locally  from  the  monocline.  Several  broad,  gentle 
flexures  occur,  in  addition  to  a  few  sharply  marked  folds  in  the 
vicinity  of  the  intrusive  traps  and  greater  fault  lines.  A  good 
example  of  the  former  is  seen  in  the  shales  of  the  Hunterdon 
plateau,  where  the  beds  are  so  inclined  that  their  outcropping 
edges  describe  a  great  curve  parallel  on  the  east  and  southeast 
to  the  escarpment  of  the  plateau.  The  structure  is  a  shallow 
syncline,  whose  axis  is  inclined  to  the  northwest.  Low  folds 
were  found  along  the  valley  of  the  Raritan,  particularly  in  the 
region  north  of  Somerville.  From  New  Brunswick  to  Bound 
Brook  the  dip  is  quite  uniformly  to  the  northwestward,  averag- 
ing 10°,  but  to  the  west  the  monocline  is  interrupted  by  gentle 
flexures  and  swells  which  are  difficult  to  trace  because  of  the 
absence  of  individuality  in  the  layers.  The  broad  outcrop  of 
the  Brunswick  shales  in  the  Raritan  valley  is  due  in  large  part 
to  these  low  folds. 

More  definite  folds — all  synclines  —  occur  {a)  near  the  Sand 
Brook  trap  sheet  southwest  of  Flemington,  (^)  the  New  German- 
town  trap  sheet,  and  (r)  the  Watchung  traps  whose  great  cres- 
^  cent  curves  are  due  to  the  synclinal  structure  of  the  inclosing 
shales.'  In  consequence  of  this  fold  the  beds  which  outcrop 
near  the  crystallines  along  Mine  Brook,  northeast  of  Bedminster 
are  at  the  same  horizon  as  those  between  the  two  trap  sheets 
back  of  Plainfield  and  Bound  Brook. 

Several  examples  of  sharp  folds  occur  near  Glen  Moore  south- 
west of  Hopewell  and  not  far  from  the  end  of  Rocky  Hill  ridge. 
Other  instances  were  noted  near  the  faults. 

The  beds  of  the  Stockton  and  Lockatong  divisions  are  most 

'  Cook,  Darton,  Davis,  et  al. 
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constant  in  dip  and  strike,  so  that  the  monoclinal  structure  is 
most  marked  in  these  belts.  The  Brunswick  shales  are  marked 
by  shallow  folds,  some  covering  an  area  of  several  square  miles. 
These  combined  with  a  fortunate  arrangement  of  faults,  have 
greatly  increased  the  area  of  red  shale  outcrop,  and  so  permitted 
the  formation  of  the  broad,  rolling  lowland,  so  characteristic  of 
the  greater  part  of  the  Newark  system.' 

Faults, — The  location  of  the  most  important  faults  by  which 
these  rocks  are  traversed  is  shown  on  the  map.  The  Hopewell 
fault,  heretofore  unrecognized,  extends  in  a  sinuous  course  from 
near  the  Delaware  River  by  Harbourtown,  Hopewell,  and  thence 
along  the  foot  of  the  Sourland  plateau  escarpment,  passing  a 
little  west  of  Flagtown  station  on  the  Lehigh  Valley  Railroad. 
It  probably  crosses  into  Pennsylvania,  but  its  exact  location  at 
the  Delaware  River  could  not  be  definitely  determined. 

The  evidence  of  faulting  along  this  line  is  as  follows :  {a) 
the  repetition  of  the  strata ;  {p)  crushed  and  contorted  shales, 
slickensided  surfaces  or  overthrown  dips  at  every  exposure  along 
or  near  the  fault  line ;  (^)  diversity  of  structure,  dip  and  strike 
— on  opposite  sides  of  the  fault  line;  (rf)  contrasts  in  topog- 
raphy and  the  termination  of  ridges  at  the  fracture.  The  repe- 
tition of  the  strata  has  already  been  alluded  to  in  describing  the 
rocks.  The  map  shows  how  the  Stockton,  Lockatong  and 
Brunswick  beds  arc  repeated,  the  beds  to  the  northwest  hav- 
ing been  uplifted.  In  the  bed  of  every  stream  crossing  the 
fault,  evidence  of  the  fracture  was  found  in  the  crushed  and 
slickensided  condition  of  the  rocks,  but  the  fault  plane  was 
nowhere  exposed.  Locally  the  rock  has  been  so  greatly  sheared 
as  to  destroy  all  traces  of  the  bedding  planes.  Very  marked 
overthrown  dips  occur  in  a  cut  just  west  of  Flagtown  station, 
which  increase  in  steepness  towards  the  fracture.  Folds  in  the 
Brunswick  beds  on  the  southeast  side  terminate  abruptly  against 
the  fault  and  do  not  affect  the  beds  on  the  opposite  side.  The 
high  Sourland  plateau  composed  of  the  hard  trap  and  resistant 

*  The  details  of  structure,  which  must  be  omitted  here,  are  given  in  the  Annual 
Report  of  the  State  Geologist  of  New  Jersey  for  1896,  pp.  72-78. 
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Lockatong  argillite  terminates  abruptly  where  the  £ault  crosses 
the  strike  of  its  beds.  The  height  and  prominence  o£  the  escarp- 
ment north  of  Skillman  station  is  due  to  the  contrast  in  hardness 
of  the  Lockatong  and  Brunswick  shales  brought  into  juxtapo- 
sition by  the  fracture. 

The  dislocation  has  been  sufficient  to  bring  to  the  surface 
the  upper  part  of  the  Stockton  beds,  and  place  them  side  by 
side  with  the  middle  layers  of  the  Brunswick  shales.  On  the 
basis  of  the  above  estimates  of  thickness  the  throw  cannot  be 
less  than  10,000  feet.  The  hade  of  the  fault  cannot  be  deter- 
mined, since  the  fracture  is  nowhere  exposed  in  section  and  its 
location  can  rarely  be  determined  within  fifty  yards.  North  of 
Flagtown,  where  the  Brunswick  shales  occur  on  both  sides  of  the 
fracture,  its  course  could  not  be  determined. 

Flemington  fault, — The  course  of  this  fault  previously  noted 
by  other  workers*  is  best  seen  by  reference  to  the  map.  It  is 
located  in  the  bluffs  of  the  Delaware  River  by  the  juxtaposition 
of  the  coarse  arkose  conglomerate  (Stockton)  with  the  black 
argillite  (Lockatong)  a  mile  or  more  south  of  Stockton.  The 
line  of  dislocation  is  concealed  by  the  talus  of  a  small  ravine. 
From  this  point  it  extends  in  a  northeasterly  direction  for  three 
miles,  thence  curving  a  little  to  the  north  so  as  to  pass  east  of 
Headquarters,  southeast  of  Sand  Brook  and  a  mile  west  of  the 
center  of  Flemington.  For  much  of  this  distance  it  extends 
along  the  foot  of  the  Hunterdon  plateau  escarpment.'  For  sev- 
eral miles  north  of  Flemington  its  exact  location  becomes  doubt- 
ful owing  to  the  similarity  of  the  adjoining  beds,  but  one  or 
perhaps  both  of  the  two  faults  along  the  border  west  of  Cushe- 
tunk  Mountain  mark  its  northern  extension.  There  is  some  rea- 
son for  believing  that  the  trap  of  Round  mountain,  south  of  Cushe- 
tunk  Mountain,  has  ascended  along  the  fracture,  but  this  is  not 
conclusively  proven. 

The  evidence  of  this  fault  is  as  complete  as  in  the  case  of 

*  Lewis,  Darton,  Nason,  Lyman,  and  others. 

•On  a  "conjectural  "  map  of  the  Newark  formation  of  New  Jersey  (Lyman,  Pa., 
Geol.  Surv.     Summary  Final  Report,  Vol.   Ill,  Pt.   II,    Plate  597,  also  Proc  Am. 
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the  Hopewell  fault.  It  consists  of  [a)  repetition  of  the  strata, 
(^)  diversity  of  structure  and  topography  on  the  two  sides,  (r) 
local  disturbances,  crushed  beds,  overthrown  dips  and  slicken- 
sides. 

The  uplift  was  on  the  northwest  and  was  sufficient  to  bring 
to  the  surface  the  base  of  the  Stockton  beds  and  just  across  the 
river  in  Pennsylvania,  the  Palaeozoic  floor  on  which  the  New- 
ark  beds  rest.  East  of  Headquarters  and  Sergeantsville,  lower 
members  of  the  Stockton  series  abut  against  beds  of  the 
Brunswick  series  apparently  2600  feet  above  the  base.  If  we 
accept  the  thicknesses  already  given,  the  throw  of  the  Flemington 
fault  near  Headquarters  is  not  less  than  10,000  feet. 

Half  a  mile  east  of  Sand  Brook  village  a  small  fault  splits  off 
from  the  main  fracture.  By  it  a  part  of  the  Lockatong  beds  of 
the  plateau  have  been  downthrown  so  that  they  occur  to  the 
east,  and  apparently  below  the  Stockton  beds.  The  beds  between 
the  two  faults  are  much  confused  in  structure. 

Another  and  larger  split  fault  was  observed  to  branch  from 
the  main  fracture  between  Headquarters  and  Dilt's  Corners.  It 
crosses  the  Delaware  about  midway  between  Stockton  and  Lam- 
bertville,  and  from  a  cursory  examination  I  am  inclined  to 
believe  that  it  joins  the  Flemington  fault  again  in  Pennsylvania 
about  a  mile  from  the  river.  The  rocks  of  this  block  belong  to 
the  Lockatong  and  Stockton  series  with  some  intrusive  trap 
masses.  The  general  dip  is  south  of  west,  although  near  the 
faults  there  is  much  diversity.  The  beds  on  the  east  and  south- 
east have  been  downthrown  relatively  to  the  others.  The  com- 
bined throw  of  this  fault  and  the  Flemington  fault  is  about  equal 
to  that  of  the  latter  further  north. 

Faults  of  a  few  feet  throw  have  been  noted  in  not  a  few  cases 
in  quarries,  railroad  cuts  and  other  exposures.  In  still  other 
cases  the  amount  of  dislocation  could  not  be  determined,  but  they 
could  not  be  traced  beyond  the  point  of  exposure,  and  the  throw 

Philos.  Soc,  Vol.  XXXIII,  p.  194),  the  fault  has  been  located  several  miles  from  its 
proper  position.  A  similar  error  is  found  on  the  map  in  Proc.  Am.  Philos.  Soc., 
XXXI,  No.  142. 
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probably  was  not  great.  It  is  not  believed  that  there  are  other 
faults  in  the  area  examined  whose  throw  is  even  one-tenth  that  of 
the  two  great  ones.  I  have  alluded  elsewhere  to  the  possibility 
of  faults  along  the  northwestern  border.  Two  are  shown  upon  the 
map  and  others  are  believed  to  exist,  but  are  not  mapped.  The 
recurving  horn  of  the  Second  Watchung  Mountain  is  quite  cer- 
tainly separated  from  the  crystallines  by  a  fault.  Further  inves- 
tigation of  these  points  together  with  the  study  of  the  region  not 

yet  examined,  is  now  in  progress. 

Henry  B.  KOmmel. 

Lewis  Institute,  Chicago. 
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INTRODUCTION. 

The  writer  has  recently  completed  a  relief  map  of  California 
on  a  scale  of  i  inch  to  12  miles,  and  a  vertical  scale  of  i  inch 
to  12,000  feet.  This  makes  it  about  4  by  5  feet  square,  and  the 
highest  peaks  nearly  i  J^  inches  high. 

The  accompanying  plate  was  taken  from  a  photograph  of 
this  map,  and  illustrates  the  main  topographic  features  of  the 
state.  To  give  some  idea  of  the  accuracy  of  the  topography  as 
shown,  the  method  of  making  the  map  is  given. 

Method  of  ffutking  the  relief  tnap. — As  no  topographic  map  of 
the  state  was  available,  all  the  maps,  levels,  and  other  topographic 
data  were  collected  and  a  contour  map  of  the  state  compiled. 
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The  topographic  data  were  obtained  principally  from  maps  of 
the  State  Mining  Bureau,*  the  United  States  Geological  Survey, 
the  United  States  Coast  and  Geodetic  Survey,  various  reconnais- 
sance surveys,  and  from  topographic  descriptions  and  railway 
surveys,  and  from  elevations  of  peaks,  passes,  and  places  obtained 
from  various  sources,  both  published  and  unpublished. 

The  gross  relief  of  the  state  was  then  built  up  on  a  rigid 
wooden  base  by  cutting  out  card-boards  of  the  proper  thickness 
in  the  shape  of  each  looo-foot  contour  and  nailing  them  in  place 
one  on  top  of  the  other.  The  steps  or  terraces  made  by  the 
card-board  and  the  minor  details  of  relief  were  then  filled  in 
with  wax."  The  best  reference  maps  of  the  particular  area  being 
modeled,  were  kept  constantly  at  hand  during  the  process  of 
filling  in  the  details.  After  the  completion  of  the  original,  a 
negative  was  made  in  plaster  of  Paris,  and  from  this  the  positives 
are  made.  The  completed  relief  map  represents  about  six 
months  of  continuous  and  careful  work.  It  shows  the  relief 
with  all  the  detail  which  the  scale  permits  except  in  those  parts 
of  the  state  in  which  topographic  data  are  wanting.  But  even 
in  these  parts  the  drainage  made  it  possible  to  show  the  general 
features  fairly  well. 

TOPOGRAPHIC    REGIONS. 

General  features. — The  northern  part  of  the  state  is  largely 
composed  of  three  parallel  and  almost  equally  extensive  topo- 
graphic belts  running  lengthwise  the  state.  These  belts  are  the 
Sierra  Nevada  on  the  east,  the  California  Valley  in  the  center, 
and  the  Coast  Ranges  on  the  west.  The  Sierra  Nevada,  with  its 
main  crest  from  6000  to  13,000  feet  above  tide  and  its  highest 
peak  reaching  an  elevation  of  nearly  15,000  feet,  is  the  highest 
and  most  prominent  mountain  system  of  the  state.  The  con- 
tinuation of  the  Sierra  Nevada  in  extreme  northern  California  is 

*  The  Preliminary  Mineralogical  and  Geological  Map  of  California,  issued  in 
1 89 1  by  the  State  Mining  Bureau,  was  used  as  a  base. 

'This  wax  was  composed  of  16  parts  of  beeswax,  8  of  cornstarch,  4  of  Venice 
turpentine,  i  of  Venetian  red,  and  i  of  sweet  oil. 
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called  the  Cascade  and  the  Lava  Sheet  mountains.  The  moun- 
tains next  in  importance  to  the  Sierra  Nevada  are  the  Coast 
Ranges,  which  have  an  average  elevation  of  about  4000  feet,  a 


width  of  50  to  too  mik-s,  and  with  the  e^■ccJ)tion  of  a  break  at 
San  P'rancisco  Itav,  extend  along  the  coast  for  the  full  length  of 
the  state.  The  Coast  Ranges,  however,  arc  more  or  less  broken 
at  a  number  of  places,  thus  giving  rise  to  rather  distinct  groups 
of  mountains  which  have  received  special  names.     TIic  southern 
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end  of  the  Sierra  Nevada  makes  a  sharp  curve  to  the  west,  meet- 
ing and  uniting  at  T^jon  Pass  with  an  eastward  curving  branch 
of  the  Coast  Ranges. 

The  Klamath  Mountains,  occupying  the  northwestern  part  of 
the  state,  unite  the  Coast  Ranges  and  the  Cascade  Mountains. 
Between  these  mountain  ranges  lies  the  California  Valley,  which 
extends  nearly  northwest  and  southeast,  and  is  about  400  miles 
long  by  50  miles  wide.  It  is  drained  by  the  Sacramento  and 
San  Joaquin  rivers. 

The  southern  part  of  the  state  has  three  distinct  topographic 
areas,  one  of  which  lies  along  or  near  the  coast,  and  is  the  con- 
tinuation of  the  Coast  Ranges  under  the  name  of  the  Sierra 
Madre  Mountains.  This  mountain  system  is  composed  of  several 
different  ranges,  the  principal  ones  being  the  San  Gabriel,  the 
San  Bernardino,  and  the  San  Jacinto.  The  breaks  between  these 
mountain  ranges  are  not  complete,  so  the  system  is  prolonged 
by  successive  ranges  to  and  beyond  the  southern  boundary  of 
California. 

Another  of  these  topographic  districts  is  the  northern  part 
of  southeastern  California;  this  is  composed  of  narrow  and 
parallel  mountains  and  valleys  running  north  and  south.  The 
mountains  are  high,  and  the  valleys  narrow  and  closed.  Farther 
to  the  south  the  relief  is  composed  of  irregularly  grouped  and 
rather  low  mountains,  flat  intervening  table-lands  and  closed 
drainage  basins. 

The  Sierra  Nevada, — The  Sierra  Nevada  is  essentially  a  single 
mountain  chain  with  a  summit  line  deviating  but  little  from  the 
general  trend  of  the  mountains.  This  summit  line  is  near  the 
eastern  edge  of  the  range,  except  in  the  extreme  northern  part 
where  it  extends  nearer  to  the  western  limit  of  the  mountains. 
The  eastern  slope  of  the  mountains  is  especially  abrupt.  The 
fall  from  Mt.  Whitney  to  Owen's  Valley,  a  distance  of  ten  miles, 
is  about  10,000  feet.'  The  western  slope  approximates  a  long, 
broad,  inclined  plain,  furrowed  deeply  and  closely  by  numerous 
canyons.     By  observing  the  accompanying  plate  it  may  be  seen 

*  J.  D.  Whitney,  Geological  Survey  of  California,  Vol.  I,  p.  456. 
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that  if  these  canyons  were  filled  level  to  the  tops  of  the  ridges 
the  result  would  be  an  irregular,  slightly  warped,  tilted  plain. 
In  general  the  grade  of  this  tilted  plain  is  quite  regular  from 
the  low  elevation  of  the  California  Valley  to  the  top  of  the  moun- 
tains. This  western  slope  was  probably  once  a  region  worn 
down  almost  to  base  level  or  to  a  peneplain.  By  the  uplift  of 
the  mountains  a  great  fault  was  developed  along  the  eastern  face 
and  the  whole  Sierra  crust-block  tilted  to  the  westward.  The 
streams  quickened  by  the  uplift  again  set  to  work  on  the  pene- 
plain and  carved  it  to  its  present  condition.  According  to  Pro- 
fessor Joseph  Le  Conte:* 

The  Sierra  was  formed,  as  we  now  know,  by  lateral  crushing  and  strata- 
folding  at  the  end  of  the  Jurassic.  But  during  the  long  ages  of  the  Creta- 
ceous and  Tertiary  this  range  was  cut  down  to  very  moderate  height 

The  rivers  by  long  work  had  finally  reached  their  base-levels  and  rested. 
The  scenery  had  assumed  all  the  features  of  an  old  topography,  with  its 

gently  flowing  curves At  the  end  of  the  Tertiary  came  the  great  lava 

streams  running  down  the  river  channels  and  displacing  the  rivers  ;  the  heav- 
ing up  of  the  Sierra  crust-block  on  its  eastern  side,  forming  the  great  fault- 
cliff  there  and  transferring  the  crest  to  the  extreme  eastern  margin ;  the 
great  increase  of  the  western  slope  and  the  consequent  rejuvenescence  of  the 
vital  energy  of  the  rivers ;  the  consequent  down-cutting  of  these  to  form  the 
present  deep  canyons  and  the  resulting  wild,  almost  savage,  scenery  of  these 
mountains. 

J.  S.  Diller's  researches  in  the  northern  part  of  the  Sierra 
Nevada  further  strengthen  these  theories,  as  the  following  quo- 
tations from  him  will  show: 

A  study  of  the  ancient  topographic  features  upon  the  borders  of  the 
Sacramento  valley,  in  the  Klamath  Mountains,  and  upon  the  western  slope  of 
the  Sierra  Nevada,  shows  that  during  the  earlier  portion  of  the  auriferous 
gravel  period  northern  California,  by  long-continued  degradation,  was  finally 
reduced  approximately  to  base-level  conditions.  The  mountain  ranges  were 
low,  and  the  scenery  was  everywhere  characterized  by  gently  flowing  slopes. 
....  The  topographic  revolution  consisted  in  the  development  out  of  such 
conditions  of  the  conspicuous  mountain  ranges  of  today.  The  northern  end 
of  the  Sierra  Nevada  has  since  been  raised  at  least  4000  feet,  and  possibly  as 
much  as  7000  feet,  and  a  fault  of  over  3000  feet  developed  along  the  eastern 

■Bull.  Geol.  Soc.  Am.,  Vol.  II,  pp.  327-328. 
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(skcc  of  thuit  poM'.ori  of  the  ranze The  amoant  of  uplift  decreases  rap- 
idly towards  the  .Sacramento  vallev.* 

Mr.  Waldemar  Lindg^ren  thinks  the  Sierra  Nevada  was  eroded 
to.  or  almost  to.  a  peneplain  during  Cretaceous  times,  and  that 
the  mountains  elevated  in  a  later  Cretaceous  period  were  worn 
down  during  Tertiary  times  merely  to  a  gentle  topography.' 

Of  the  origin  of  the  range  he  says : 

.At  this  time  ^  .  .  .  .  the  first  break  took  place,  separating  the  Sierra 
Nevada  from  the  interior  basin.  The  orogenic  d:sturbance  was  probably  of 
a  twofold  character.  It  included  the  tilting  up  of  the  whole  region  between 
the  Wasatch  and  the  Pacitic  in  arching  form,  and  a  simultaneous  breaking  in 
and  settling  down  of  the  higher  portions  of  the  arch.  Thus  the  Sierra 
Nevada  crust  fragment  was  formed,  the  larger  part  of  which  has  ever  since 
remained  a  comparatively  rigid  block.  .Along  the  eastern  margin  the  sys- 
tem of  fractures  was  outlined  which  toward  the  close  of  the  Tertiarv  was  to 
be  still  further  emphasized. 

The  evidences  that  the  Sierra  Nevada  is  a  tilted  and  eroded 
peneplain  with  a  fault  line  along  its  eastern  edge  may  be  summed 
up  as  follows; 

( 1 )  The  present  features  of  the  western  slope  of  the  moun- 
tains resemble  a  tilted  and  dissected  peneplain.  The  precipitous 
slope  on  the  eastern  side  marks  the  fault  line. 

(2)  Fossil  plants/  which  indicate  a  low  altitude  at  the  time 
of  the  deposition,  have  been  found  in  the  auriferous  gravels  in 
the  northern  part  of  the  Sierra  Nevada. 

(3)  The  auriferous  gravels  now  found  in  the  old  river  beds 
along  the  western  slope  of  the  Sierra  Nevada  must  have  been 
deposited  in  streams  flowing  down  gentle  grades. 

(4)  Many  of  the  old  river  valleys  are  terraced,  showing  suc- 
cessive stages  of  elevation  as  well  as  low  stream  grades.^ 

( 5 )  The  present  rivers  flow  directly  across  the  upturned  edges 

'  14th  Ann.  Kept.  U.  S.  Gcol.  Surv'.,  Part  II,  p.  433. 

■Jour.  Gkol.,  Vol.  IV,  pp.  882,  894,  897,  and  898. 

3  Jour.  Gkol.,  Vol.  IV,  p.  894. 

*  J.  S.  DiLLER,  14th  Ann.  Kept.  U.  S.  Geol.  Surv.,  pp.  421-422. 

5J.  S.  DiLi.KR,  8th  Ann.  Kept.  U.  S.  Gcol.  Surv.,  Part  I,  p.  429. 
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of  Mesozoic  and   Palaeozoic   beds  on  the    lower  slopes   of  the 
mountains. 

(6)  The  Tertiary  lavas  on  the  western  slope  of  the  Sierras 
cover  a  gentle  topography.* 

It  has  been  noted  that  the  Sierra  Nevada  is  now  deeply 
carved  by  the  streams  flowing  down  its  western  slope.  The 
canyons  vary  in  depth  from  a  few  hundred  to  six  thousand  feet ; 
their  walls  are  very  steep,  and  in  places  perpendicular;  in  the 
Yosemite  and  King's  River  canyons  there  are  perpendicular  walls 
over  three  thousand  feet  high.'  These  canyons  run  approxi- 
mately at  right  angles  to  the  trend  of  the  mountains  and  parallel 
with  each  other.  This  direction  and  parallelism  is  especially 
true  of  the  larger  canyons,  which  form  a  series  quite  regularly 
spaced  throughout  the  length  of  the  mountains. 

The  parallelism  of  the  canyons  is  due  principally  to  the  two 
causes  of  uniform  direction  of  tilting  and  the  parallel  system  of 
fault  and  fissure  lines.  It  is  generally  conceded  that  the  great 
canyons,  as  well  as  many  smaller  ones,  run  along  fault  lines.^ 

And  it  has  been  observed*  that  often  the  canyon  following 
one  system  of  fissures  crosses  over  to  another  system  and  fol- 
lows it.  G.  F.  Becker  has  pointed  out  that  in  places  these 
fissure  lines  are  so  close  together  as  to  amount  to  shattered 
zones,  and  that  the  main  fissure  systems  cross  at  right  angles.* 

So  a  probable  explanation  for  such  places  as-  King's  River 
and  Yosemite  Valleys  is  that  they  are  the  locations  of  shattered 
zones  removed  by  erosion,  so  that  the  fissures  bounding  the 
shattered  zone  now  form  the  faces  of  the  perpendicular  exposed 
valley  or  canyon  walls. 

It  may  be  seen  from  the  accompanying  plate  that  the  can- 
yons west  of  Lake  Tahoe,  especially  North  Yuba  River,  Middle 

'Waldkmar  Lindgren,  Jour.  Geol.,  Vol.  IV,  p.  897. 

■J.  D.  Whitney,  Geol.  Surv.  Calif.,  Vol.  I,  pp.  410  and  421.  John  Muir,  Cen- 
tury .Magazine,  Vol.  XVIII,  p.  488,  and  Vol.  XXI,  p.  80. 

3G.  K.  Becker,  Hull.  Geol.  Soc.  Am.,  Vol.  II,  p.  68.  The  Rocks  of  the  Sierra 
Nevada,  by  II.  W.  Turner,  14th  Ann.  Kept.  U.  S.  Geol.  Surv.,  p.  443. 

*G.  K.  Becker,  Bull.  Geol.  Soc.  Am.,  Vol.  II,  p.  68. 

5  Bull.  Geol.  Soc.  Am.,  Vol.  II,  pp.  50-51  and  68. 
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Yuba  River,  Bear  River,  North  Fork  and  Middle  Fork  of  Amer- 
ican River,  receive  almost  all  their  drainage  from  the  north 
side,  which  would  seem  to  indicate  that  each  of  these  main 
canyons  followed  a  fault  line,  and  that  in  addition  to  the  west- 
ward tilting  of  the  mountain  mass  these  separate  smaller  blocks 
between  the  canyons  tilted  to  the  southward  also. 

The  regularity  of  the  canyon  system  and  the  westward- 
sloping,  eroded  plain  is  somewhat  more  broken  to  the  south  of 
Merced  River,  where  the  principal  rivers,  i,  e.,  the  San  Joaquin, 
the  Kings,  the  Kaweah,  and  the  Kern,  have  a  wide  range  of 
tributary  streams  and  have  carved  out  more  basin-like  drainage 
areas.  It  appears  that  the  southern  end  of  the  Sierras  has 
existed  longer  as  a  mountain  range ;  and  also  that  the  Tertiary 
lava  flows  that  spread  over  northeastern  California  as  far  south 
as  Merced  River  did  not  bury  the  drainage  systems  farther  to 
the  south.  Thus  it  seems  that  these  drainage  systems  are 
older  and  naturally  more  basin-like  or  collected  in  larger 
groups. 

The  Kern  River  is  the  first  to  break  the  general  westward 
course  and  flow  south  for  most  of  its  length  before  turning 
towards  the  California  Valley.  The  parallelism  in  the  tribu- 
taries of  the  upper  course  of  the  Kern  forcibly  suggests  faulting 
and  folding  along  parallel  north  and  south  lines,  and  probably 
southward  tilting  also,  to  guide  the  streams. 

Cascade  re^n. — ^The  northeast  part  of  California  is  a  table- 
land with  cone-shaped  peaks  here  and  there  rising  above  the 
general  level.  Toward  the  east  the  flat  table-lands  are  broken 
by  ridges  extending  north  and  south  which  usually  have  a  steep 
slope  on  the  east  side  and  a  gentle  slope  on  the  west  side.  The 
lava  outflows  that  spread  over  southeastern  Oregon  extend  in  a 
sheet  over  this  area  forming  the  table-land.  The  cone-shaped 
peaks  are  lava  outpourings,  where  the  lava  flows  were  concen- 
trated at  points.  Mt.  Shasta  and  Lassen  peaks  are  notable 
examples  of  volcanic  cones  on  the  western  side  of  this  area. 
In  the  northeast  corner  of  this  area  fault  lines  are  prolonged 
southward  from  a  fault  system  extended  down  from  southeastern 
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Oregon.*  Small  orographic  blocks  between  these  fault  lines  are 
usually  tilted  westward  and  form  ridges  and  basins  such  as 
Warner  Mountains,  Alkali  Lakes  basin,  and   Goose  Lake  basin. 

Klamath  Mountains, — To  the  west  of  the  lava  sheet  lies  the 
irregular  group  of  mountains  known  as  the  Klamath  Mountains. 

This  region  has  long  been  subjected  to  erosion,  and  to  oscil- 
lations' from  archipelago  to  high  land  elevations.  The  outpour- 
ing of  lava  and  accumulations  of  sedimentary  beds  on  the  flanks 
of  the  granitic  core  and  the  irregular  tilting,  and  faulting,  have 
produced  a  complex  mountain  mass  and  an  area  of  tortuous 
stream  courses. 

The  Coast  Ranges. — ^Joining  the  Klamath  Mountains  on  the 
southwest,  and  extending  southward  along  the  coast  are  the  Coast 
Ranges.  The  typical  part  of  this  system  lies  west  of  the  Califor- 
nia Valley.  This  part  of  the  Coast  Ranges  is  composed  of 
numerous  parallel  ranges,  ridges,  valleys,  and  canyons  which 
extend  in  almost  straight  lines  along  and  parallel  with  the  coast. 
The  elevations  of  opposite  ranges  are  usually  approximately  the 
same.  At  places  the  opposite  ranges  are  completely  separated,  but 
usually  they  coalesce,  only  to  break  again  along  the  same  lines. 
Thus  along  any  given  line  through  and  parallel  with  the  ranges,  a 
topographic  feature  may  disappear  but  it  occurs  again  after  a  short 
break.  These  parallel  lines  of  topographic  features  show  the 
close  kinship  of  the  ranges  and  extensive  fault  lines  and  folding 
axes. 

'J.  C.  KussKLL,  A  Geological  Reconnaissance  in  Southern  Oregon.  4th  Ann. 
Kept.  U.  S.  Geol.  Surv.,  pp.  436-464. 

'**  At  the  close  of  the  Taylorville  Jurassic  there  was  an  upheaval  by  which  the 
Klamath  Mountains  were  outlined." — J.  S.  DlLLER,  Bull.  Soc.  Am.,  Vol.  IV,  p.  224. 

••  During  the  Cretaceous  period,  especially  during  that  portion  represented  by  the 

Shasta-Chico   beds,    northern    California   gradually   subsided The    Klamath 

Mountains  during  a  part  of  this  time,  at  least,  formed  an  island.'* — J.  S.  DiLLKR,  Ter- 
tiary Revolution  in  the  Topography  of  the  Pacific  Coast.  14th  Ann.  Kept.  U.  S.  Geol. 
Surv.  1892-3,  pp.  23-24. 

"During  Miocene  times  ....  the  Klamath  Mountains  were  low  with  gentle 
slopes  as  compared  with  those  of  the  present  ranges ;  and  the  streams  flowed  down 
their  flanks  in  broad  shallow  valleys  instead  of  in  deep  canyons  as  they  do  now." — JoUR. 
Geol.,  Vol.  II,  p.  44 ;  also  14th  Ann.  Kept.  U.  S.  Geol  Surv.,  p.  423. 
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islands  off  the  coast  of  southern  California  have  their  longer 
axes  lying  in  the  same  direction  as  the  opposite  shore  line  and 
mountain  range,  showing  that  these  islands  belong  to  the  sys- 
tem of  orogenic  movements  that  created  the  mountain  ranges  of 
the  mainland  and  are  remnants  of  partly  submerged  mountain 
ranges. 

The  parallel  grouping  of  mountain  chains,  which  is  so  prom- 
inent a  feature  of  the  Coast  Ranges  to  the  north,  is  much  less 
marked  in  the  Sierra  Madre  Mountains,  where  the  mountain  sys- 
tem  consists  essentiallv  of  successive  single  ranges,  somewhat 
elongated  in  the  axial  direction,  but  consisting  of  a  central  mass, 
from  which  spurs  radiate  in  all  directions. 

OzLcns  Rircr — Dioth  V alley  distri<^t, — This  topographic  region 
is  the  southern  end  of  the  Great  Basin  mountain  svstem.  The 
mountains  and  valleys  of  this  system  are  (>arallel  and  run  north 
and  south.  The  mountains  are  usually  high,  and  the  \~alleys  low 
and  narrow.  This  topography  is  one  of  block  faulting,  which 
gives  the  great  extremes  in  ele\'ation  and  the  narrow  straight 
lines  of  mountain  ranges  and  \-alleys.  Drainage  is  now  poorly 
dehned,  because  the  rainfall  is  so  light  that  no  permanent  streams 
of  anv  considerable  lenvTth  exist.  Nearlv  everv  vallev  is  a  closed 
basin  that  has  been  filled  to  a  considerable  depth  with  detritus 
from  the  adjoining  mountains.  Death  Valley,  though  haWng 
this  usual  filling  of  detritus,  is.  at  its  lowest  place.  4S0  feet" 
below  sea  level. 

Mohaii — Coloroiio  River  district. — Southeastern  California  has 

rather  low.  irregular-shaped  mountains,  flat  table* lands,  and  low. 

closed  drainage  basins.     Nearly  all  the  mountains  and  hills  have 

the  appearance  of  being  partially  buried,  so  that  only  their  tops 

project,  island-like,  above  the  surrounding  plains.     In  this  region 

there  is  but  little  or  no  drainage  to  carry  off  the  disintegrated 

rocks.     The  debris,  blown  and  drifted  around,  fills  the  \"allcys 

until  onlv  the  tops  of  the  hills  project  above  the  debris-covered 
plain.     This  area  is  a  meeting  jx)int  for  several  mountain  svs- 

terns,  and  therefore  has  a  mixed  arranirement   of  its  mountains. 

» North  .\n:cr.cai:  F*una,  Ncx  7,  Death  Valley  Expedition.  Part  11,  p.  367. 
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MINOR    TOPOGRAPHIC    FEATURES. 

Besides  the  general  topographic  features  which  may  be  seen 
from  the  accompanying  plate,  there  are  others  too  small  to  show, 
but  nevertheless  of  considerable  importance. 

Terraces, — There  are,  along  almost  the  whole  length  of  the 
coast,  benches  and  rounding  bluffs  of  more  or  less  prominence. 
Some  of  these  terraces  are  only  seen  after  close  observation, 
while  others  form  benches  of  considerable  width. 

As  shown  by  Lawson,'  these  are  marks  of  old  seashores,  and 
show  successive  elevations  of  the  land  through  Quarternary 
times. 

Mesas  and  table-lands. — These  are  marked  features  of  the 
coastal  plain  north  of  San  Diego,  and  occur  on  the  sides  of  river 
valleys  farther  to  the  north.  This  characteristic  feature  may  be 
observed  in  the  Salinas  Valley  at  King  City.  Lawson  has  shown* 
that  the  Pliocene  corresponds  to  a  time  of  general  subsidence 
of  the  coast,  when  the  sea  encroached  upon  the  land,  flooding 
the  low  coast  lands  and  valleys.  These  flooded  coast  margins 
and  valleys  thus  became  the  dumping  ground  for  the  sediment 
from  neighboring  lands  until  the  accumulations  grew  to  great 
thickness.  Then,  when  the  land  rose  and  erosion  carded  this 
accumulated  sediment,  mesas  and  table-lands  were  left. 

Alluvial  cones  arid  fans, — In  parts  of  the  state  where  the  rain- 
fall is  light  or  not  sufficient  to  carry  the  disintegrated  rocks  any 
considerable  distance  it  is  common  to  see  along  the  valleys,  at 
the  mouths  of  mountain  canyons,  the  valley  built  up  higher,  so 
that  the  mouth  of  the  canyon  is  buried  beneath  a  cone  of  debris. 
The  writer  has  observed  this  in  the  White  Mountains  near  the 
California-Nevada  state  line,  where,  standing  at  a  commanding 
place  some  five  or  six  miles  from  the  mouth  of  a  large  canyon, 
it  seemed  as  if  all  the  debris  removed  to  cut  out  the  canyon  had 
been  distributed  at  the  mouth  of  the  canyon  and  extended  in 

«Hull.  Dcpt.  Geol.  Univ.  Calif.,  Vol.  I.  Nos.  1,4  and  8. 

-  The  Geology  of  Carmelo  Bay,  Bull.  Dept.  Gcol.  Univ.  Cal.,  Vol.  I,  No.  I. 
The   l\>bt-riiocene  diastrophism  of   the  Southern  Coast  of  Calif.,  Bull.  Dept. 
Geol.  Univ.  Cal.,  Vol.  I,  No.  8. 
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EFFECTS    OF   VEGETATION   ON    TOPOGRAPHY. 

Sand  dunes. — During  the  summer  of  1895  ^^^  writer  assisted 
in  mapping  a  number  of  sand  dune  areas  along  the  coast  in  San 
Luis  Obispo  county.  In  all  these  areas  there  seemed  to  be  no 
exception  to  the  rule  that  where  the  sand  was  free  from  vegeta- 
tion or  obstruction,  it  was  piled  in  ridges  at  right  angles  to  the 
prevailing  sea  breezes,  and  that  where  patches  of  vegetation 
grew  the  dunes  became  parallel  to  the  direction  of  the  wind, 
and  where  the  vegetation  became  thicker  over  the  ground,  the 
regularity  of  arrangement  of  the  dunes  was  more  broken.  It 
seems  that  the  change  in  direction  of  the  dune  ridges  (from 
right  angles  to  parallel  with  the  winds  where  vegetation  began), 
is  due  to  the  fact  that  vegetation  once  started  would  check  the 
sand  from  moving  at  that  point  and  make  a  shelter  for  deposits 
to  the  leeward.  This  point  of  the  sand  dune  now  being  more 
stable,  other  plant  growth  would. spring  up,  mainly  on  the  lee- 
ward side,  so  as  to  lengthen  and  increase  the  elevation  of  the 
ridge  while  the  unprotected  sands  at  either  side  would  drift 
away,  thus  forming  narrow  parallel  ridges  in  the  direction  of 
the  prevailing  winds.  Ridges  fifty  to  seventy-five  feet  high  and 
400  to  600  feet  long,  or  even  longer,  were  not  uncommon  where 
the  sand  dunes  are  extensive. 

///*//  slopes. — While  mapping  over  the  area  south  of  San  Luis 
Obispo  for  some  twenty  or  twenty-five  miles,  it  was  observed 
that  the  slope  of  the  north  side  of  the  hills  was  steep  while  that 
of  the  south  side  was  gentle.  This  proved  to  be  almost  invaria- 
bly true,  no  matter  in  what  direction  the  strata  dipped  or 
whether  the  underlying  rock  was  loose  sand. 

This  part  of  California,  like  most  of  the  state,  has  a  dry  sea- 
son and  a  wet  one.  During  late  spring,  all  summer,  and  early 
fall  there  is  no  rain  and  therefore  any  shelter  from  the  sun's 
heat  insures  thicker  and  more  permanent  growth.  So  the  north 
sides  of  the  hills  are  more  thickly  covered  with  vegetation, 
especially  perennial  growths,  and  timber  is  often  completely 
confined  to  them.  The  roots,  leaves,  and  debris  of  the  vegeta- 
tion would   |)rotect  the  soil   from   washing  away,  while   on  the 
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south  side  of  the  hills  the  almost  barren  ground  would  lose 
much  of  its  soil  at  every  freshet.  Over  most  of  this  area  erosion 
is  lowering  the  hill  tops  about  as  fast  as  stream  corrasion  lowers 
the  creek  beds.  So  the  vertical  distance  between  hill  top  and 
stream  bed  remains  nearly  the  same,  while  the  horizontal  dis- 
tance on  the  north  side  of  the  hill  becomes  less  because  the  hill 
top  recedes  to  the  north  as  its  south  side  is  the  principal  one  to 
be  trimmed  back  by  erosion.  Such  a  process  would  in  time 
almost  produce  a  bluff.  Such  steep  hill-sides  may  be  seen 
immediately  east  of  Arroyo  Grande  along  the  south  side  of  Tar 
Springs  Creek,  San  Luis  Obispo  county. 

Topography  as  modified  by  rainfall. — In  southeastern  Cali- 
fornia where  it  is  especially  arid,  there  is  almost  no  vegetation 
to  hold  the  soil  and  disintegrated  rock  in  place,  so  the  weathered, 
loose,  rock-fragments  are  soon  blown  to  low  ground  leaving  the 
rocks  of  the  hillsides  exposed  in  rough  angular  forms  and  the 
topographic  outlines  strongly  fixed  by  the  character  of  the  rock 
mass  or  strata. 

In  the  humid  portion  of  the  state,  however,  vegetation  holds 
the  soil  from  washing  or  drifting  away  and  as  the  rocks  con- 
tinue to  disintegrate,  the  hills  are  covered  and  rounded  off  by 
this  mantle  of  soil  and  debris.  Besides  this  reason  for  the  roll- 
ing character  of  the  topography,  the  following  causes  may  be 
added :  The  sedimentary  rocks  as  a  rule  are  soft  and  much 
broken  by  numerous  fissures,  faults,  and  folds,  so  hard  and  fast 
lines  or  horizons  to  resist  weathering  do  not  often  exist.  The 
igneous  rocks  are  usually  great  masses  and  necessarily  show 
their  characteristic  rolling  topography. 

Taken  as  whole  probably  the  most  characteristic  feature  of 
the  topography  of  the  Pacific  Coast  is  the  rolling  nature  almost 
everywhere  seen  where  relief  is  shown.  This  feature  is  espe- 
cially impressive  to  one  familiar  with  the  bench,  bluff,  and  flat 
topped  mountain  topography  of  the    Mississippi   valley  region. 

Noah  Fields  Drake. 

Stanford  University, 
California. 


A   COMPARATIVE   STUDY   OF   THE    LOWER    CRETA- 
CEOUS FORMATIONS  AND   FAUNAS  OF  THE 

UNITED  STATES.' 

INTRODUCTION. 

Besides  the  facts  of  wide  distribution  and  economic  impor- 
tance the  Cretaceous  is  notable  for  the  problems  of  more  purely 
scientific  nature  than  it  presents.  For  example,  near  the  middle 
of  Cretaceous  time  or  at  the  beginning  of  the  neo-Cretaceous 
(to  adopt  William's  term)  there  was  a  great  transgression  of  the 
sea  upon  the  land — perhaps  the  greatest  and  certainly  one  of  the 
most  clearly  recorded  extensive  one  in  geologic  history.  During 
the  Trias  and  Jura  almost  all  the  present  area  of  the  continent 
was  above  sea  level,  as  is  shown  by  the  absence  of  marine  strata 
of  those  periods,  excepting  in  limited  areas  of  the  Rocky 
Mountain  and  Sierra  Nevada  regions.  The  advance  of  the  sea 
commenced  with  the  Cretaceous,  covering  nearly  all  of  Mexico 
and  extending  northward  in  the  United  States  to  southern 
Kansas,  besides  encroaching  on  the  coast  range  region  in  the 
West  while  the  lower  Cretaceous  sediments  were  forming. 
Then  there  was  a  greater  and  more  rapid  advance  until  at  its 
maximum  extent  the  sea  covered  almost  the  entire  area  between 
the  Mississippi  River  and  the  Wasatch  range,  extending  north- 
ward to  the  Arctic  Circle.  It  also  washed  the  western  slope  of 
the  Sierra  Nevada  and  covered  the  entire  coastal  plain  of  the 
Atlantic  and  the  Gulf.  The  advance  was  not  continuous  nor 
constant,  however.  There  were  retrograde  movements  so  that 
locally  fresh-water  and  brackish-water  deposits  with  associated 
coal  beds  are  interstratified  with  the  marine  formations.  Before 
the  close  of  the  Cretaceous  while  the  Laramie  beds  were  being 

'  Thesis  submitted  in  partial  fulfillment  of  the  requirements  for  the  degree  of 
Doctor  of  Philosophy  in  Columbian  University,  Washington,  D.  C,  June  1897. 

579 


580  TIMOTHY  WILLIAM  STANTON 

laid  down  the  sea  had  retreated  from  most  of  the  continental 
area  and  it  has  never  since  invaded  it  beyond  the  coastal  border 
regions.  It  is  a  noteworthy  fact,  as  Neumayr*  and  others  have 
pointed  out,  that  there  was  a  similar  invasion  of  the  sea  upon 
the  other  continents  in  mid-Cretaceous  time. 

The  occurrence  of  contemporary  marine,  fresh-water  and 
brackish -water  formations  has  greatly  complicated  the  classifica- 
tion and  correlation  of  the  Cretaceous  beds.  Deposits  formed 
under  such  diverse  conditions  naturally  have  few  features  in 
common,  either  lithologically  or  paleontologically,  and  their 
correlation  must  usually  depend  on  similarity  of  stratigraphic 
and  structural  relations  with  formations  of  known  age.  In  a  few 
cases,  however,  the  same  flora  and  other  land  organisms  have 
been  preserved  in  both  marine  and  fresh-water  beds,  and  have 
thus  demonstrated  their  practical  contemporaneity. 

Besides  the  sharp  contrasts  between  marine  and  non-marine 
beds  there  are  several  distinct  facies  within  the  marine  Creta- 
ceous formations.  Whether  the  paleontological  differences  are 
due  to  climate,  to  isolation,  to  differences  in  depth  or  in  the 
nature  of  the  sea  bottom,  are  questions  that  should  be  solved 
independently  in  each  case,  but  their  solution  is  usually  diffi- 
cult. The  first  essential  is  to  determine  that  the  formations 
compared  are  actually  contemporaneous  or  homotaxial.  A 
failure  to  do  this  has  led  to  serious  errors  in  the  past.  For 
example,  Roemer'  noticed  that  the  Cretaceous  fauna  of  New 
Jersey  is  very  different  from  that  found  in  Texas  in  beds  that  he 
supposed  to  be  contemporaneous.  He  also  noticed  that  the 
former  corresponded  rather  closely  with  the  Cretaceous  fauna  of 
northwestern  Germany,  while  the  Texan  fauna  found  its  nearest 
analogues  in  the  Cretaceous  of  southern  Europe  bordering  on 
the  Mediterranean.  He  concluded,  therefore,  from  these  geo- 
graphic relations  that  the  faunal  differences  were  due  mainly  to 
climate,  that  the  present  climatal  zones  were  already  established 
in   Cretaceous    time    and   even    that    the    ocean     currents   had 

*  Erdgcschichte,  Bd.  2,  p.  377. 

■  Am.  Jour.,  Sci.  2d.  ser.,  Vol.  II,  1846,  p.  364.     Krcidcb.  v.  Texas,  1852,  p.  25. 
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approximately  their  present  positions,  since  the  European 
localities  are  respectively  several  degrees  farther  north  than 
their  American  analogues,  corresponding  to  the  position  of 
isothermal  lines  on  opposite  sides  of  the  Atlantic  at  the  present 
time.  This  was  one  of  the  first  attempts  to  establish  climatal 
zones  at  such  an  early  period,  as  it  was  published  even  before 
von  Buch's'  generalization  that  the  absence  of  Cretaceous  faunas 
in  the  polar  regions  is  due  to  the  climatic  conditions  of  that 
period.  In  Neumayr's  studies  of  Mesozoic  climates  use  was 
made  of  the  difference  between  the  Cretaceous  faunas  of  New 
Jersey  and  Texas,  and  it  has  recently  been  cited  by  Kayser*  and 
by  J.  Perrin  Smith.3  There  is  some  evidence  of  the  existence  of 
climatal  zones  in  the  Cretaceous  and  even  earlier  in  Mesozoic 
time,  but  Roemer's  original  examples  should  no  longer  be  cited 
as  proof,  for  it  is  now  known  that  the  faunas  Roemer  compared 
were  not  contemporaneous,  the  base  of  the  marine  Cretaceous 
beds  in  New  Jersey  being  somewhat  newer  than  the  uppermost 
horizon  that  furnished  the  fossils  he  described  from  Texas.  If 
he  had  made  his  comparisons  with  the  Ripley  fauna,  which 
occurs  near  the  top  of  the  Texan  Cretaceous  and  only  a  few 
miles  east  of  the  beds  studied  by  him,  Roemer's  conclusion 
would  probably  have  been  very  different,  for  a  very  large  per- 
centage of  the  species  are  identical  with  the  New  Jersey  forms, 
and  there  is  nothing  suggestive  of  a  warmer  climate.*  The 
Upper  Cretaceous  faunas  of  the  Atlantic  and  Gulf  border  regions, 
when  comparison  is  made  with  strictly  homotaxial  zones,  are 
remarkably  uniform  along  the  whole  coast  from  Texas  to  New 
Jersey. 

The  correlated  faunas  of  the  Rocky  Mountain  region  and 
the  great  Plains  show  much  greater  differences  when  compared 
with  the   faunas  just  mentioned,  and  these  may  reasonably  be 

*  Vcrhreilung  unci  Grcn/.en  d.  Kreidebildungen.  Verhandl.  dcs  Naturhist.  Vereins 
(1.  Preuss.  Kheinlande  u.  Wcstphalien,  Bd.  7,  pp.  211-242. 

'Text-book  of  Comparative  Geology,  translated  by  Lake,  p.  283,  Lond.,  1893. 

'Jour,  of  Geol.,  Vol.  Ill,  p.  485,  Chicago,  1895. 

*See  WniTFiKLi);  Bull.  Am.  Mus.  Nat.  Hist.,  Vol.  II,  1889,  pp.  113-I16  and 
Whitk,  Bull.  U.  S.  Geol.  Surv.,  No.  82,  pp.  84,  ill. 
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attributed  in  part  to  the  influence  of  climate,  but  it  would  cany 
us  too  far  from  our  subject  to  discuss  this  question  fully. 

The  life  of  the  Cretaceous  period  ofifers  many  other  points  of 
general  interest,  chief  among  which  is  the  fact  that  while  it  is 
essentially  Mesozoic  in  character,  and  is  thus  allied  with  the  life 
of  earlier  periods,  it  nevertheless  includes  the  earliest  recorded 
repres  ntatives  of  very  many  recent  generic  and  family  types 
and  some  groups  of  higher  rank,  and  in  the  later  stages  this 
modern  element  is  often  relatively  large.  This  statement  refers 
chiefly  to  plants  and  invertebrates,  for,  with  the  exception  of 
the  Teleost  fishes,  which  are  introduced  for  the  first  time,  the 
vertebrates  nearly  all  belong  to  types  now  extinct  or  of  rela- 
tively little  importance.  So  far  as  the  record  goes  the  g^eat 
group  of  placental  mammals  was  not  yet  introduced,  and  the 
vertebrate  fauna  consists  largely  of  Mesozoic  types  of  reptiles, 
such  as  dinosaurs,  pterosaurs  and  pythonomorphs,  with  a  few 
small  mammals  of  the  lowest  groups,  and  birds  of  archaic  types. 

Among  the  invertebrates  the  Ammonoidea  are  verj*  greatly 
differentiated  and  finally  become  extinct  with  the  close  of  the 
period.  Many  other  forms,  such  as  Inoceramus,  certain  ty|>es 
of  Ostreidae,  Nerinea,  Anchura,  Pugnellus,  etc.,  do  not  pass  the 
upper  limits  of  the  Cretaceous.  On  the  other  hand,  the  Ostre- 
idae, Anomiidae,  Mytilidae,  Unionidae,  Veneridae,  Mactridae, 
Turritellidae,  Naticidae,  Volutidae,  etc.,  are  represented  by 
forms  closely  related  to  living  species.  The  flora  is  completely 
revolutionized  and  modernized  during  the  Cretaceous.  Early  in 
the  Cretaceous  the  first  Dicotyledons  occur  and  by  mid-Creta- 
ceous time  they  largely  predominate  and  numerous  genera  of 
trees  that  time  still  live  in  our  forests  are  already  introduced,  so 
that  the  biologist  who  is  studying  recent  species  must  often  go 
back  to  the  Cretaceous  faunas  and  floras  to  complete  his  data 
for  a  rational  classification. 

RECOGNITION  OF  THE  LOWER  CRETACEOUS  IN  THE  UNITED  STATES. 

Before  going  farther  it  may  be  well  to  recall  the  general  clas- 
sification of  Cretaceous  deposits  as  adopted   in   Europe.     It  is 
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now  customary  to  recognize  only  two  principal  divisions  —  Lower 
Cretaceous  and  Upper  Cretaceous  —  instead  of  three  as  formerly. 
The  number  and  nomenclature  of  the  subdivisions  varies  in  dif- 
ferent countries  and  with  different  authors,  but  the  terms  Neoco- 
mian,  Urgonian,  Aptian,  Albian,  Cenomanian,  Turonian,  Senonian 
and  Danian  proposed  by  d'Orbigny  are  frequently  used  and 
universally  understood. 

In  Neumayr's  Erdgeschichte^  the  following  arrangement  is 
adopted : 

Upper  Cretaceous.  Lower  Cretaceous. 
Senonian.  Gault. 

Turonian.  Aptian. 

Cenomanian.  Neocomian. 

In  this  classification  of  the  Lower  Cretaceous  the  Wealden 
is  treated  as  simply  a  non-marine  facies  of  the  Neocomian, 
the  Urgonian  is  made  a  subdivision  of  the  Neocomian  (as 
it  was  by  d'Orbigny  also)  and  the  English  name  Gault  is  sub- 
stituted for  Albian.  Some  authors  place  the  Gault  in  the  Upper 
Cretaceous,  but  for  comparison  with  American  formations  it  is 
more  satisfactory  to  classify  it  with  the  older  beds. 

These  minor  subdivisions  are  not  applicable  to  the  American 
Cretaceous  excepting  in  the  most  general  way,  and,  as  Dr. 
White  has  insisted,  it  is  not  probable  even  that  the  correspond- 
ing principal  divisions  as  recognized  on  the  two  continents  are 
strictly  homotaxial,  but  the  accumulating  evidence  tends  to  show 
that  the  difference  is  not  very  great.  In  making  an  independent 
and  natural  classification  of  our  formations  we  have  perhaps 
placed  a  few  beds  in  the  Lower  Cretaceous  that  by  European 
standards  would  go  in  the  Upper  Cretaceous. 

The  first  definite  recognition  of  Lower  Cretaceous  in  this 
country  based  on  good  evidence  was  by  Professor  Jules  Marcou,* 
who  in  1855  identified  a  number  of  fossils  from  Texas  as  Neoco- 
mian, and  asserted  that  rocks  of  that  age  cover  considerable 

'  Bd.  2,  p.  344. 

'Pacific  K.  K.  Reports,  8vo  edition,  Vol.  IV,  pp.  40-48,  1855;  republished  in  4to 
edition  and  in  Geology  of  North  America. 
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areas  in  Texas  and  Indian  territory.  Marcou  has  maintained  the 
correctness  of  his  determination  in  numerous  subsequent  papers, 
but  for  various  reasons  his  opinion,  though  essentially  correct, 
did  not  meet  with  general  acceptance  for  many  years.  The 
principal  causes  that  conspired  to  prolong  this  misconception 
were  (i)  Marcou's  own  error  in  referring  to  the  Jurassic  certain 
New  Mexican  exposures  of  a  part  of  the  same  series ;  (2) 
Roemer's  previously  published  important  work,  "Die  Kriede- 
bildungen  von  Texas,'*  in  which  on  palcontological  grounds  all  the 
Texan  Cretaceous  beds  were  referred  to  the  Upper  Cretaceous;* 
(3)  the  publication  of  Shumard's'  section  in  which  the  strati- 
graphic  succession  is  very  erroneously  given,  and  (4)  the  fact 
that  the  investigation  of  other  regions  in  the  United  States  did 
not  reveal  any  Lower  Cretaceous  beds  that  were  really  compara- 
ble with  those  of  Texas.  The  subject  remained  thus  until  1887 
when  the  publication  of  papers  by  Dr.  C.  A.  White  ^  and  Mr.  R. 
T.  Hill,<  based  on  the  latter's  field  work,  established  the  fact  that 
there  is  in  Texas  a  great  series  of  Cretaceous  rocks  underlying 
the  generally  recognized  Upper  Cretaceous  of  other  parts  of  the 
country.  This  is  the  Comanche  series  that  has  since  become  so 
familiar  through  the  numerous  papers  of  Mr.  Hill. 

'  The  idea  has  been  current  for  some  years  that  Roemer's  principal  error  was  a 
stratigraphic  one  in  placing  his  "  Cretaceous  of  the  Highlands"  above  the  "Cretaceous 
at  the  foot  of  the  Highlands**  as  he  did  tentatively  in  his  earlier  work  "Texas,"  but  a 
careful  perusal  of  the  introductory  pages  —  especially  page  19 — of  the  "Krcibil- 
dungen"  will  show  that  he  did  not  finally  attempt  to  establish  any  stratigraphic 
succession,  and  that  he  admitted  that  there  were  both  paleontologic  and  physical 
reasons  for  regarding  the  beds  of  the  Highlands  as  older  than  the  others,  and  he 
suggested  that  their  topographically  higher  position  might  have  been  caused  by  a 
fault.  His  real  error  was  that  in  his  paleontological  comparisons  with  the  Cretaceous 
of  southern  Europe,  he  did  not  recognize  the  now  well-known  fact  that  there  are  two 
distinct  horizons,  one  in  the  Upper  Cretaceous  and  the  other  in  the  Lower,  each  char- 
acterized by  peculiar  species  of  Rudistae,  Chamidae,  etc. 

■Trans.  Acad.  Sci.,  St.  Louis,  Vol.  I,  pp.  582-589,  1856-1860. 

3  On  the  Cretaceous  formations  of  Texas  and  their  relations  to  those  of  other  parts 
of  North  America.     Proc.  Phila.  Acad.  Nat.  Sci.,  1887,  pp.  39-47. 

4  The  topography  and  geology  of  the  Cross  Timbers  and  surrounding  regions  in 
northern  Texas.  Am.  Jour.  Sci.,  3d  ser..  Vol.  XXXHI,  pp.  291-303,  pi.  6.  The 
Texas  section  of  the  American  Cretaceous.  Am.  Jour.  Sci.,  3d  ser..  Vol.  XXXIV» 
1887,  pp.  287-319. 
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Some  years  before  the  investigation  of  the  Texan  Cretaceous 
was  begun  several  geologists  described  strata  in  Virginia,  Mary- 
land, Delaware,  and  New  Jersey  that  are  now  usually  referred  to 
the  Potomac  formation,  but  they  had  few  facts  on  which  to  base 
their  age  determination.  Thus  W.  B.  Rogers'  described  these 
beds  as  Upper  Secondary,  and  provisionally  referred  them  to  the 
Upper  Jurassic,  though  he  later'  suggested  that  they  might  form 
a  **  passage-group  analogous  to  the  Wealden  of  British  geology." 
Tyson  3  also  described  a  part  of  the  same  series  under  the  desig- 
nation of  **iron  ore  clays"  which  he  at  first  referred  to  the  Cre- 
taceous, but  afterward*  placed  **at  least  as  low  as  the  Oolitic." 
According  to  Dawson ^  and  Fontaine^  Tyson  considered  that 
these  beds  belonged  to  the  Wealden,  but  he  seems  not  to  have 
published  that  opinion.  In  1886  Mr.  W  J  McGee^  named  and 
described  the  Potomac  as  a  distinct  formation  including  the 
above  mentioned  beds  that  had  been  discussed  by  Rogers  and 
Tyson.  Its  determination  as  of  Lower  Cretaceous  age  has  been 
mainly  due  to  the  paleobotanical  work  of  Professors  L.  F. 
Ward®  and  W.  M.  Fontaine.' 

In  1869  Gabb  and  Whitney '°  defined  the  Shasta  group  of 
California,  stating  that  **  It  contains  fossils  seemingly  represent- 
ing ages  from  the  Gault  to  the  Neocomian,  inclusive."  The 
Shasta  group  has  ever  since  been  referred  to  the  Lower  Creta- 
ceous, and  subsequent   investigations  have  only  confirmed  the 

•  Report  of  Prog,  of  Geol.  Surv.  of  Va.  for  1840,  Richmond,  1 841.  Idem  for 
1 84 1,  Richmond,  1842.  Both  reprinted  in  Geology  of  the  Virginias,  1884,  pp.  413- 
546. 

•  Proc.  Host.  Soc.  Nat.  Hist.,  Vol.  XVIII,  1875,  p.  105. 

'First  Rcpt.  State  Agricultural  Chemist  of  Md.,  pp.  41-43,  Annapolis,  i860. 
♦Second  Rept.  State.  Agri.  Chemist,  p.  54,  Annapolis,  1862. 
5 Trans.  Roy.  Soc.  Canada,  Vol.  Ill,  1885,  sec.  4,  p.  18. 

•  Monograph  U.  S.  Geol.  Surv.,  No.  15,  p.  5. 

'Rept.  of  Health  Ofiicer  for  the  Dist.  of  Columbia  for  1885,  pp.  23-25;  Am. 
Jour.  Sci.,  3d  ser.,  Vol.  XXXV,  1888,  pp.  120-143. 

®  Am.  Jour.  Sci.,  3d  ser..  Vol.  XXXVI,  1888,  pp.  I19-131. 

'Monograph  15,  U.  S.  Geol.  Surv.,  1889.  Sec  also  many  subsequent  articles  by 
both  authors  and  by  McGee,  Darton,  White,  Marsh,  and  Clark  listed  in  the 
accompany  I)il)liography. 

"  PaluL'ont.  of  California,  Vol.  II,  p.  xiv. 
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original  suggestion  as  to  its  age.  The  stratigraphy  and  pale- 
ontology of  the  Shasta  beds  have  been  described  or  discussed 
by  Gabb,  Becker,  White,  Diller,  Turner,  Fairbanks,  and  Stanton. 

Soon  after  the  definition  of  the  Shasta,  Richardson'  described 
strata  in  the  Queen  Charlotte  Islands  that  were  recognized  by 
Billings  from  the  invertebrate  fossils  as  in  part  the  equivalent  of 
the  Shasta,  and  on  the  evidence  of  a  few  plants  were  assigned 
to  either  the  Jurassic  or  the  Lower  Cretaceous  by  Dawson.  The 
fauna  of  these  beds  and  of  their  equivalents  on  the  mainland  of 
British  Columbia  has  since  been  described  by  Whiteaves,  who 
regards  them  as  not  later  than  the  Gault. 

A  few  years  later  a  series  of  fresh-water  coal-bearing  beds, 
the  Kootanie  formation,  in  the  Rocky  Mountain  region  of  south- 
ern Canada,  was  recognized  and  defined  by  Dr.  Geo.  M.  Daw- 
son. The  accompanying  flora  was  studied  by  Sir  William  Daw- 
son, who  determined  its  age  to  be  Lower  Cretaceous  and  pub- 
lished the  first  account'  of  the  formation  in  connection  with  the 
description  of  the  flora.  In  1887,  the  coal-bearing  rocks  of 
Great  Falls,  Mont.,  were  referred  to  the  Kootanie  by  Professor 
J.  S.  Newberry ,3  who  later  discussed  the  flora  more  fully  and 
pointed  out  its  close  relationship  with  the  flora  of  the  Potomac. 
The  possible  occurrence  of  beds  of  the  same  age  in  the  Black 
Hills,  South  Dakota,  has  been  shown  by  Professor  L.  F.  Ward* 
on  the  evidence  of  cycads  and  a  few  other  plants  of  Lower 
Cretaceous  aspect  in  beds  that  have  formerly  been  referred  to 
the  Dakota. 

Before  this  time  and  soon  after  the  Potomac  formation 
became  known.  Smith  and  Johnson ^  had  described  the  Tusca- 
loosa formation  in  Alabama.  It  is  now  correlated  with  the 
upper  portion  of  the  Potomac  or  the  Raritan  beds. 

*Geol.  Surv.  of  Canada,  Rept.  of  Progress  for  1872-3,  pp.  32-65. 

■Science,  Vol.  V,  1885,  p.  31 ;  Trans.  Roy.  Soc.  Canada,  Vol.  Ill,  1885,  sec.  4» 
pp.  1-22 ;  idem.  Vol.  X,  1892,  sec.  4,  pp.  79-93. 

3 School  of  Mines  Quarterly,  Vol.  VIII,  1887,  pp.  327-330;  Am.  Jour.  Sci.,  3d 
scr..  Vol.  XLI,  1891,  pp.  191-201. 

^JoUR.  Geol.,  Vol.  II,  1894,  pp.  250-266. 

SBull.  U.  S.  Geol.  Surv.,  No.  43,  1887,  p.  95. 
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From  this  review  it  is  seen  that  the  Lower  Cretaceous  forma- 
tions now  known  in  the  United  States  are  the  Comanche  series 
of  the  Texan  region,  the  Shasta  group  (including  Knoxville  and 
Horsetown  beds)  of  the  Pacific  Coast,  the  Kootanie  of  Montana 
and  possibly  of  the  Black  Hills,  the  Potomac  of  the  Atlantic 
coastal  plain,  and  the  Tuscaloosa  of  the  Gulf  border.  Only  the 
first  two  are  marine  formations.  In  our  comparisons  of  these 
formations  it  will  not  be  necessary  to  enter  into  minute  details 
of  stratigraphy  and  lithology,  since  the  most  general  descrip- 
tions will  show  that  in  most  cases  we  have  to  deal  with  contrasts 
rather  than  with  resemblances.  This  is  true  not  only  when  the 
marine  beds  are  compared  with  the  non-marine,  but  also  when 
the  two  marine  formations  are  compared  with  each  other,  or  the 
Potomac  is  compared  with  the  Kootanie.  In  the  descriptions 
that  follow,  mainly  summarized  from  the  latest  published 
accounts,  the  principal  characteristics  of  each  formation  are 
given,  beginning  with  the  fresh-water  beds.  The  statements 
concerning  the  invertebrate  faunas  embody  more  of  the  results 
of  my  own  studies. 

GEOLOGIC    DESCRIPTION    OF    THE    FORMATIONS. 

The  Potomac  formation, — This  term  was  originally  applied  by 
McGcc  to  certain  non-marine  beds  in  Maryland,  the  District  of 
Columbia,  and  Virginia,  resting  against  the  old  crystalline  rocks 
of  the  Piedmont  region,  and  unconformably  overlain  by  marine 
Upper  Cretaceous  deposits.  The  Potomac  as  thus  defined  is 
composed  of  irregular  deposits  of  variegated  clays,  sand,  arkose, 
pebbles,  and  bowlders,  with  local  lenses  of  iron  ore  and  lignitic 
seams.  The  sand  and  arkose  are  sometimes  indurated,  but  fre- 
quently are  unconsolidated  deposits.  In  general,  the  arenaceous 
deposits  seem  to  predominate  in  the  lower  part  of  the  series 
and  argillaceous  beds  in  the  upper,  though  no  single  stratum 
retains  the  same  lithologic  character  over  any  considerable 
area.  The  estimates  of  thickness  vary  from  500  or  600  feet 
(McGee)    to    1175    feet    (Ward).     Professor  Ward,*    who    has 

'See  I5lh  Ann.  Kept.  U.  S.  Gcol.  Surv.,  pp.  313-397,  and  i6th  idem,  pp.  469-540. 
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studied  the  stratigraphy  and  the  flora  of  the  Potomac  in  great 
detail,  retains  under  that  name  all  the  strata  originally  included 
in  it,  and  also  makes  it  comprise  all  the  beds  that  have  been 
named  the  Raritan  formation,  extending  from  Maryland  across 
Delaware  and  New  Jersey  to  the  islands  off  the  southern  coast 
of  New  England.  That  is,  he  makes  it  coextensive  with  Dr. 
White's'  non-marine  division  of  the  Cretaceous  of  the  Atlantic 
border  region  which  was  believed  to  consist  of  two  distinct 
formations,  separated  by  a  time  interval  that  marked  the  dis- 
tinction between  Lower  and  Upper  Cretaceous.  Though  assign- 
ing these  beds  all  to  a  single  formation  Professor  Ward  recog- 
nizes in  it  six  distinct  ** series,"  as  follows; 


Potomac 


6.  Albinipean  [in  part  equivalent  to  Raritan]. 

5.  Iron  Ore, 

4.  Aquia  Creek, 

3.  Mount  Vernon, 

2.  Rappahannock, 

1^  I .  James  River. 


Each  of  these  divisions,  excepting  No.  5,  is,  according  to  the 
author  cited,  characterized  by  a  distinct  florula  altogether  consti- 
tuting a  flora  of  from  800  to  1000  species.  Detailed  discussions 
and  comparisons  of  this  flora  are  contained  in  the  articles  above 
referred  to  in  the  fifteenth  and  sixteenth  annual  reports  of  the 
U.  S.  Geol.  Survey.  From  these  it  appears  that  while  the  whole 
formation  is  referred  to  the  Lower  Cretaceous  the  flora  of  the 
lower  beds,  in  which  the  earliest  known  dicotyledons  appear,  has 
Jurassic  affinities,  and  is  related  to  the  Wealden  flora.  There  is  a 
progressive  change,  the  modern  types  predominating  more  and 
more  until  in  the  uppermost  beds  (No.  6)  the  plants  show  a 
marked  affinity  to  the  Upper  Cretaceous  Cenomanian  flora.  An 
interesting  comparison  of  the  Potomac  flora  with  the  Lower  Cre- 
taceous flora  of  Portugal,  shows  that  while  they  have  but  few 
species  in  common  the  general  characters  of  the  two  floras  are 
very  similar,  and  as  Professor  Ward  remarks,  ''the  lower  Creta- 
ceous flora  of  Portugal  is,  botanically  speaking,  a  very  close  repe- 
tition of  that  of  America."     This  fact  is  in  interestmg  agreement 

*  Bull.  U.  S.  Geol.  Surv.,  No.  82,  pp.  74-100. 
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with  other  independent  sources  of  evidence,  for  the  Portuguese 
plant  beds  are  interstratified  with  strata  carrying  marine  faunas 
that  are,  as  we  shall  see,  closely  related  to  the  fauna  of  the  Com- 
anche series,  and  one  of  the  lower  horizons  in  the  Comanche  has 
yielded  fossil  plants  closely  connected  with  the  flora  of  the  lower 
Potomac. 

Invertebrate  fossils  are  remarkably  scarce  in  the  Potomac, 
and  the  few  that  have  been  found  do  not  afford  any  definite 
evidence  as  to  the  age  of  the  beds.  The  only  mollusks  known 
from  the  lower  horizons  developed  in  Maryland  and  Virginia, 
are  a  few  internal  casts  apparently  belonging  to  small  simple 
forms  of  Unio,  whose  only  geological  value  is  to  show  the  fresh- 
water origin  of  the  beds.  In  New  Jersey,  besides  some  Unios 
that  probably  came  from  a  much  later  formation,  five  species  of 
mollusks  have  been  reported  from  the  Raritan  formation.'  They 
have  been  referred  to  Astarte,  Corbicula,  Gnathodon,  and 
Ambonicardia  (gen.  nov.),  but  not  one  of  them  is  well  enough 
preserved  to  show  generic  characters,  and  in  invertebrate  paleon- 
tology, at  least,  age  determinations,  based  on  new  species  of 
doubtful  genera,  are  worthless. 

Vertebrate  fossils  have  been  collected  from  the  Lower  Poto- 
mac in  a  limited  area  between  Washington  and  Baltimore.  One 
species  based  on  a  tooth,  Astrodofi  Johnsoni,  has  been  described 
by  Dr.  Leidy,  and  Professor  Marsh'  has  named  five  others  : 
Pleurocoelus  7ianus,  P.  alius,  Priconodon  crassus,  Allosaurus  medius^ 
and  Coelnrus  medius.  He  states  that  associated  with  these  there 
are  remains  of  crocodiles  and  tortoises,  of  Jurassic  types, 
some  fishes  and  a  few  mollusks.  Also  that  **The  fossils  here 
described,  and  others  from  the  same  horizon  seem  to  prove  con- 
clusively that  the  Potomac  formation  in  its  typical  localities  in 
Maryland  is  of  Jurassic  age  and  lacustrine  origin."  The  genera 
Allosaurus  and  Coclurus  were  originally  described  from  the 
Atlantosaurus  beds  (Jurassic)  of  the  Rocky  Mountain  region, 
and  Pleurocoelus  has  since  been  found  in  the  same  beds  repre- 

■  Monograph  9,  U.  S.  Geol.  Surv.,  pp.  22-28. 

'.•\m.  Jour.  Sci.,  3d.  ser.  Vol.  XXXV,  1888,  pp.  89-94. 
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sented  by  a  Potomac  species.  According  to  Lydekker  Pleuro- 
coelus  also  occurs  in  the  Wealden  of  England.  In  recent  papers 
Professor  Marsh*  has  attempted  to  establish  the  Jurassic  age 
of  the  whole  Potomac  formation  in  its  broadest  sense.  He 
correlates  it  by  the  relationship  of  the  vertebrate  faunas  on  the 
one  hand  with  the  Atlantosaurus  beds,  and  on  the  other  with  the 
European  Wealden,  asserting  that  they  are  homotaxial  equiva- 
lents. Assuming  that  the  Atlantosaurus  beds  are  Jurassic,  it 
consequently  follows,  according  to  his  reasoning,  that  the 
Wealden  and  the  Potomac  are  also  Jurassic.  But  even  admit- 
ting that  the  vertebrate  faunas  are  so  closely  related  as  to  estab- 
lish the  equivalence  of  the  deposits  in  these  three  widely 
separated  regions,  the  correlation  can  apply  only  to  the  beds  in 
which  the  fossils  occur,  and  in  the  Potomac  they  have  so  far 
been  found  only  in  the  lower  portion.  Recent  stratigraphic 
studies  by  Professor  W.  B.  Clark  and  Mr.  Arthur  Bibbins  on  the 
Potomac  in  Maryland,  have  an  important  bearing  on  this  ques- 
tion. A  preliminary  statement  of  their  results,  including  a  new 
classification  of  the  deposits,  was  published'  some  months  ago, 
and  a  more  detailed  account  has  been  issued  since  the  present 
paper  was  first  written. 3  Their  most  important  results  are  sum- 
marized as  follows : 

**It  is  the  conclusion  of  the  authors,  founded  upon  a  detailed 
stratigraphic  study  of  the  Potomac  group,  that  all  the  beds 
which  have  afforded  dicotyledonous  types  of  plant  life  are 
above  those  from  which  Professor  Marsh  has  obtained  vertebrate 
remains,  and  moreover,  that  a  marked  unconformity  exists 
between  the  two  series  of  deposits 

**The  several  formations  into  which  the  larger  unit  of  the 
Potomac  group  has  been  divided,  are  as  follows : 

*  Am.  Jour.  Sci.,  4th  ser.,  Vol.  II,  1896,  pp.  295-298,  375-377,  433-447-  Sec  also 
articles  on  the  same  subject  by  Hollick,  Ward,  Hill,  and  Gilbert,  Science,  Vols. 
IV  and  V,  1896,  1897. 

*  Physical  Features  of  Maryland ;  Maryland  Geol.  Surv.,  Vol.  I,  Pt.  3,  pp.  5^S9t 
April  1897. 

3J0UR.  Geol.,  Vol.  V,  pp.  479-506,  July-Aug.  1897. 
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Upper  Jurassic  (?) 
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Arundel 
Patuxent        ** 

According  to  these  authors  all  of  the  Potomac  vertebrates 
that  have  been  recorded  have  come  from  the  Arundel  formation, 
while  practically  the  whole  of  the  Potomac  flora  occurs  in  higher 
horizons  above  the  principal  unconformity  which  separates  the 
Patapsco  from  the  Arundel.  All  of  Professor  Ward's  plant- 
bearing  "series"  below  the  Albirupean  are  believed  to  be  local 
subdivisions  and  variations  of  the  Patapsco  formation.  The 
underlying  beds  are  doubtfully  assigned  to  the  Upper  Jurassic 
on  the  authority  of  Professor  Marsh's  determination  of  the 
affinities  of  the  vertebrates.  It  has  been  shown,  however,  that 
his  comparisons  are  chiefly  with  the  Wealden  fauna,  and  if  the 
difficult  stratigraphy  of  the  Potomac  has  now  been  correctly 
determined  the  evidence  tends  to  prove  the  post-Wealden  age  of 
the  principal  plant-bearing  horizons. 

There  have  long  been  differences  of  opinion  as  to  the  age  of 
the  Wealden,  and  it  may  well  be  that  it  is  partly  Jurassic,  but  its 
constantly  close  association  with  the  Cretaceous,  and  the  fact 
that  where  it  is  present  the  lowest  marine  beds  of  the  Neocomian 
arc  always  absent,  are  strong  arguments  for  regarding  it  as  a 
non-marine  facies  of  the  Neocomian.  If  all  the  Wealden 
deposits  are  transferred  from  the  Cretaceous  to  the  Jurassic 
because  the  dinosaurs  are  closely  related  to  those  of  the  Jurassic, 
then  we  know  practically  nothing  of  the  land  fauna  of  the  Lower 
Cretaceous,  and  no  one  can  say  whether  the  dinosaurs  that  must 
have  lived  in  early  Cretaceous  time,  were  very  different  from 
those  of  the  Jurassic  or  not.  Professor  Marsh's  statements  may 
be  fairly  interpreted  to  mean  that  the  age  of  the  Atlantosaurus 
beds  is  dependent  on  that  of  the  Wealden,  and  if  the  latter  is 
Cretaceous  the  former  are  also.  There  is  nothing  in  the  strati- 
graphic  relations  of  the  Atlantosaurus  beds  that  would  prevent 
their  reference  to  the  Lower  Cretaceous,  for  they  are  every- 
where immediately  overlain  by  Upper  Cretaceous  strata.^     How- 

^  There  is  a  possible  exception  to  this  in  the  Black  Hills  of  South  Dakota,  whbre 
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ever  these  questions  may  be  finally  decided,  it  is  evident  that  the 
discussion  as  to  the  Potomac  formation  is  not  so  much  on  its 
correlation  with  deposits  elsewhere  as  on  the  more  general 
question  of  the  upper  limits  of  the  Jurassic. 

The  Tuscaloosa  formation, — The  beds  known  under  this  name 
have  their  principal  development  in  Alabama,  extending  thence 
eastward  into  Georgia  and  westward  into  Mississippi.  According 
to  Prof.  E.  A.  Smith'  the  formation  consists  of  ** heavy  bedded 
purple  and  mottled  and  gray  clays  in  the  lower  parts,  alternating 
with  more  distinctly  stratified  clays  containing  an  abundance  of 
plant  remains,  chiefly  in  the  form  of  leaf  impressions.  Above 
these  clayey  beds  are  sands  of  various  colors,  white,  yellow,  gray, 
pink,  and  purple,  usually  micaceous  and  strongly  cross-bedded. 
In  many  places  irregular  pockets  of  small  angular  chert  pebbles 
are  interbedded  with  the  sands,  but  these  pebble  beds  make  only 
a  very  small  proportion  of  the  strata.  In  places  also  beds  of 
dark  red  and  mottled  clay  occur  in  the  upper  part  of  the  forma- 
tion." In  the  eastern  part  of  the  area  it  rests  on  ancient  crystal- 
line rocks  while  farther  west  it  laps  up  on  the  Paleozoic  sed- 
iments.    The  overlying  beds  are  of  Upper  Cretaceous  age. 

The  thickness  of  the  Tuscaloosa  is  estimated  at  looo  feet. 

Lithologically  and  stratigraphically  the  Tuscaloosa  is  seen  to 
correspond  closely  with  the  Potomac  and  the  evidence  of  the 
flora  leads  to  the  same  correlation.  Professor  Smith'  publishes 
a  list  of  35  species  of  fossil  plants  determined  by  Professor  Ward, 
who  compares  them  with  the  Amboy  Clay  (t.  e.  Uppermost  Poto- 
mac) flora.  In  later  publications  Professor  Ward 3  definitely 
correlates  the  Tuscaloosa  with  the  Amboy  and  Raritan  clays, 
suggesting  that  possibly  one  of  the  older  horizons  of  the  Poto- 
mac may  also  be  represented  in  Alabama.     No  animal  remains 

Professor  Ward  obtained  plants  that  he  regards  as  Lower  Cretaceous,  and  the  Atlanto- 
saurus  fauna  has  also  been  found  in  this  same  region,  but  what  relation  the  plant-beds 
have  to  the  vertebrate  horizon,  and  whether  the  plants  and  vertebrates  do  not  really 
occur  in  the  same  bed  has  not  been  determined. 

*  Rep.  on  Geol.  of  the  Coastal  Plain  of  Ala.,  pp.  307-308,  Montgomery,  1894. 

•  Ibid.,  p.  348. 

3  iSth  Ann.  Rept.  U.  S.  Geol.  Surv.,  pp.  337-338  ;  1 6th  Ann.  Rept.,  p.  470. 
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have  been  reported  from  these  southern  beds.  According  to 
Mr.  N.  H.  Darton'  the  Potomac  deposits  are  practically  contin- 
uous along  the  whole  Atlantic  coastal  plain  until  they  connect 
with  the  Tuscaloosa.  It  is  evident  that  conditions  of  deposition 
were  remarkably  uniform  throughout  this  long  coastal  border 
region  during  Potomac  time  but  the  earlier  part  of  the  epoch  is 
recorded  by  deposits  now  visible  only  in  the  middle  portion  of 
the  area.  The  northern  and  southern  ends  either  did  not  receive 
deposits  until  towards  the  close  of  the  epoch  or  else  the  early 
deposits  were  overlapped  and  concealed  by  the  later  beds. 

The  Kootanie  formation. —  A  somewhat  detailed  description  of 
the  typical  area  of  the  Kootanie  is  given  by  Dr.  Geo.  M.  Dawson." 
It  is  found  in  the  Rocky  Mountains  of  Canada  between  latitudes 
49°  and  5 1°  30'.  The  beds  there  have  a  total  estimated  thickness 
of  over  7000  feet  and  consist  chiefly  of  shales  and  sandstones  of 
very  varied  texture  and  appearance,  with  beds  of  coal.  The 
Canadian  localities  have  yielded  a  flora^  of  about  27  species 
which  show  by  identical  and  allied  species  a  very  close  relation- 
ship with  the  Potomac.  No  animal  remains  have  been  reported 
excepting  one  imperfect  specimen  of  a  Goniobasis  indicating 
fresh  waters,  and  a  fragment  of  a  belemnite  which  was  very 
probably  derived  from  an  older  formation. 

In  the  United  States  the  Kootanie  occurs  at  Great  Falls,  Mon- 
tana, near  which  place  a  thick  coal  bed  in  the  formation  is  mined. 
The  section  has  been  described  by  Mr.  W.  H.  Weed*  who  states 
that  the  Kootanie  "  is  a  series  of  rapidly  alternating  sandstones 
and  clay  shales  with  few  and  thin  beds  of  impure  limestone. 
Individual  beds  are  inconstant,  the  heavy  ledges  of  heavy  sand- 
stone passing  laterally  into  arenaceous  clays  and  vice  versa'' 

The  top  of  the  formation  is  not  clearly  defined  but  the  thick- 
ness is  evidently  several  hundred  feet.     About  38  species  of  fossil 

*  Hull.  Geol.,  Soc.  Am.,  Vol.  VII,  1896,  pp.  514-517. 

'Rcpt.  (ieol.  Surv.  of  Canada  for  1885,  Kept.  B.  A  more  general  account  in 
Am.  Jour.  Sci.,  3(1  ser.,  Vol.  XXXVIII,  pp.  120-127. 

3 Trans.  Roy.  Soc.  Canada,  Vol.  Ill,  1885,  Sec.  4,  pp.  I  -10.  Idem,  Vol.  X,  1892, 
Sec.  4,  pp.  79-93.     Idem,  \^»1.  XI,  1893,  ^cc.  4,  p.  ii. 

*  Two  Montana  coal  fields.     Bull.  CJeol.  Soc.  Am.,  Vol.  Ill,  1892,  pp.  301-323. 
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plants  have  been  listed  or  described  from  the  Kootanie  of  this 
neighborhood  by  Professors  Newberry'  and  Fontaine.'  These  show 
a  close  connection  with  the  not  distant  Canadian  Kootanie,  and 
more  than  half  of  them  (21  out  of  38)  have  also  been  identified 
from  the  Potomac.  It  is  noteworthy,  however,  that  no  dico- 
tyledons have  been  found  in  the  Kootanie,  thus  indicating  that 
the  higher  horizons  of  the  Potomac  are  possibly  not  represented 
there.  Invertebrates  are  represented  in  the  Great  Falls  area  only 
by  a  few  imperfect  specimens  of  Unio.  A  higher  bed  which  may 
belong  to  a  later  formation  has  yielded  undescribed  species  of 
Neritina,  Goniobasis,  and  Corbula  (?). 

It  is  evident  that  the  Kootanie  and  Potomac  were  laid 
down  in  distinct  basins  of  fresh  and  brackish  waters  and  that  the 
floras  prove  that  they  are  in  part  homotaxial  equivalents. 

The  Shasta  group. —  This  general  name  was  given  by  Gabb 
and  Whitney  to  all  the  Lower  Cretaceous  rocks  of  California. 
In  1885  Dr.  C.  A.  White 3  and  Dr.  G.  F.  Becker'  named  two 
subdivisions  of  the  Shasta,  the  Knoxville  and  the  Horsetown  beds, 
that  have  since  been  generally  recognized.  Detailed  sections 
have  been  described  by  Turner,*  Dillers  and  the  present  writer^ 
who  has  recently  reviewed  the  geology  of  the  Knoxville  beds 
and  described  their  fauna. 

The  Shasta  is  a  marine  formation  distributed  along  the  western 
side  of  the  Sacramento  valley  and  in  the  coast  ranges  of  Califor- 
nia, Oregon,  and  Washington.  The  lower  divisions  have  been 
recognized  as  far  north  as  latitude  35°. 

**Dark  clay  shales  greatly  predominate  over  all  other  kinds 
of  rocks  in  the  Knoxville  beds,  but  there  is  also  considerable 
sandstone,  usually  in  thin  beds.  In  some  places  the  lower  part 
of  the  formation  consists  of  alternations  of  shale  and  sandstone, 

*  Am.  Jour.  Sci.,  3d  scr.,  Vol.  XLI,  1891,  pp.  191-201. 
«  Proc.  U.  S.  Nat.  Museum,  Vol.  XV,  1892,  pp.  487-495. 
3  Bull.  U.  S.  Geol.  Surv.,  Nos.  15  and  19. 
<  Bull.  Geol.  Soc.  Am.,  Vol.  II,  1891.  pp.  303-314. 

5  Am.   Jour.  Sci.,  3d  scr..  Vol.  XL,  1 890,  pp.  476-478.     Bull.  Geol.  Soc.    Am., 
Vol.  IV,  1893,  pp.  205-224.     Idem,  Vol.  V,  pp.  435-464. 
•Bull.  U.  S.  Geol.  Surv.,  No.  133,  1896. 
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or  calcareous  material,  in  bands  only  a  few  inches  thick.  There 
are  also  occasional  thicker  bands  of  sandstone,  and  sometimes 
massive  conglomerates.  The  larger  bodies  of  shale  frequently 
contain  many  calcareous  concretions,  and  such  concretions  are 
sometimes  found  even  in  the  coarse  conglomerates.  More  rarely 
there  are  larger  bodies  of  limestone,  several  feet  in  thickness, 
but  they  do  not  form  continuous  beds  of  any  great  extent.  The 
conglomerates  also  appear  to  be  local  deposits  of  no  great 
length,  though  sometimes  of  very  considerable  thickness."  The 
overlying  Horsetown  beds  have  essentially  the  same  lithologic 
character  and  are  distinguished  mainly  by  marked  differences  in 
the  fauna  —  especially  by  the  absence  of  Aucella  and  the  greater 
abundance  and  variety  of  the  ammonites.  Where  the  base  of 
the  Shasta  has  been  observed  it  rests  on  metamorphic  rocks  of 
undetermined  age.  It  is  conformably  overlain  by  the  upper 
Cretaceous  Chico  formation  which  in  its  basal  portion  is  proba- 
bly as  old  as  the  Cenomanian. 

The  Lower  Cretaceous  has  an  enormous  thickness  at  some 
localities  on  the  Pacific  coast.  A  section  on  Elder  Creek,  Tehama 
county,  Cal.,  measured  by  Mr.  Diller,  showed  about  20,000 
feet  of  Knoxville  and  6000  feet  of  Horsetown  beds  without  any 
evidence  of  duplication  of  strata.  This  thickness  is  exceptional, 
though  other  localities  in  the  same  region  show  apparent  thick- 
nesses of  12,000  to  15,000  feet. 

Although  the  Shasta  group  is  of  marine  origin  it  has  yielded 
a  number  of  land  plants  from  several  different  horizons  ranging 
from  the  upper  third  of  the  Knoxville  to  near  the  top  of  the 
Horsetown  beds.  Professor  Fontaine  has  recognized  twenty-six 
different  forms  among  them.  He  says  that  "all  have  their 
nearest  relations  in  Lower  Cretaceous  forms,  and  there  is  no 
plant  that  would  indicate  an  age  different  from  Lower  Creta- 
ceous." A  large  proportion  of  the  species  occur  in  the  Potomac 
and  a  few  are  found  in  the  Kootanie  and  in  the  Comanche  series, 
none  of  which  offers  any  other  means  of  direct  comparison  with 
the  Shasta.  Here,  as  in  the  Kootanie,  no  dicotyledons  have 
been  found. 
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age  collections,  one  is  impressed  with  the  excessive  preponder- 
ance of  the  Aucellae,  so  far  as  number  of  individuals  is 
concerned.  In  many  places  they  are  so  abundant  that  they 
must  have  actually  monopolized  the  sea  bottom,  crowding  out 
everything  else. 

"Considering  the  fauna  as  an  assemblage  of  species,  the  pro- 
portion of  brachiopoda,  though  there  are  so  few,  is  somewhat 
greater  than  in  other  American  Cretaceous  faunas.  Among 
the  mollusca  the  variety  of  forms  of  Turbinidai  is  noteworthy. 
The  proportion  of  ammonoids  is  also  quite  large,  and  there  is 
an  unusual  development  of  the  genus  Hoplites." 

The  Aucellae  do  not  pass  above  the  Knoxville,  or  to  speak 
more  accurately,  the  top  of  the  Knoxville  is  drawn  at  the  upper 
limit  of  the  Aucella  beds.  Several  other  Knoxville  species,  how- 
ever, do  pass  up  into  the  succeeding  Horsetown  fauna.  This 
fauna  has  not  yet  been  revised  and  a  considerable  number  of 
undescribed  species  are  known  in  recent  collections,  but  the  fol- 
lowing lists,  though  incomplete,  will  give  a  correct  idea  of  its 
general  character.  In  the  lower  part  of  the  Horsetown  ammon- 
ites are  locally  very  abundant,  the  genera  Lytoceras  and  Phyl- 
loceras  being  especially  well  represented  in  individuals.  The 
following  species  occur  in  this  j^ortion  of  the  series: 

Pcntacrinus  sp.  Potamides  diadema  Gabb 

Rhynchonella  sp.  Helicaulax  ?  bicarinata  Gabb 

Pectcn  ()j)erculif<)rmis  Gabb  Actaeon  impressus  Gabb 

Plicatula  variata  Gabb  Lytoceras  bates!  (Trask) 

Avicula  whileavesi  Stanton  Phylloceras  onoensc  Stanton 

Inocerainus  sp.  Hoplites  remondi  (Gabb) 

Nemodon  vancouvcrensis  (Meek)  Olcostephanus  traski  (Gabb) 

Trigonia  icquicostata  Gabb  Desmoceras  hoffmanni  (Gabb) 

Tri^onia  leana  Gabb  ?  Crioceras  latus  Gabb 

Opis  sp.  Crioceras  percostatus  Gabb 

Eriphyla  sj).  Ancyloceras  remondi  Gabb 

Protocardia  sp.  Helicancyclus  a^quicostatus  Gabb 

Plcuromya  papyracea  (iabb  Diptychoceras  kevis  Gabb 

Lunatia  avellana  Gabb  Belemnitcs  impressus  Gabb 

The  few  fossils  that  have  been  collected  from  the  middle 
portion  of  the   Horsetown  do  not  show  any  decided  change  in 
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the  fauna  until  the  extreme  upper  beds  are  reached,  when  a 
more  abundant  fauna  appears  that  shows  a  blending  with  the 
succeeding  Upper  Cretaceous  Chico  fauna.  These  upper  Horse- 
town  beds  have  yielded  the  following  species : 

Rhynchonella  sp.  Mactra  sp. 

Exogyra  parasitica  Gabb  Pleuromya  papyracca  Gabb 

Pecten  operculiformis  Gabb  Panopxa  concentrica  Gabb 

Mytilus  quadratus  Gabb  Lunatia  avellana  Gabb 

Mytilus  cf.  lanceolatus  Sowerby  Liocium  punctatum  Gabb 

Cucullaea  tnincata  Gabb  Actaeonina  califomica  Gabb 

Nemodon  vancouverensis  (Meek)  Ringicula  varia  Gabb 

Leda  translucida  Gabb  Desmoceras  hoffmanni  (Gabb) 

Trigonia  aequicostata  Gabb  Desmoceras  cf.  beudanti  (Brongniart) 

Trigonia  leana  Gabb  Haploceras  breweri  (Gabb) 

Meekia  sella  Gabb  Lytoceras  sacya  Forbes 

Meekia  navis  Gabb  Schloenbachia  inflata  (Sowerby) 

Meekia  radiata  Gabb  Acanthoceras  cf.  mammillare 

Chione  varians  Gabb  (Schloth.) 

Tellina  matthewsonii  Gabb  Belemnites  sp. 

After  weighing  the  available  paleontologic  evidence  and 
making  all  practicable  comparisons  with  foreign  Mesozoic  fossils 
the  conclusion  was  reached  that  the  whole  of  the  Knoxville  is 
referable  to  the  Neocomian  and  that  the  Horsetown  includes  all 
the  rest  of  the  Lower  Cretaceous  and  possibly  extends  up  into 
the  Upper  Cretaceous. 

The  abundance  of  Aucellae  gives  the  Knoxville  fauna  a  decided 
boreal  appearance,  for  the  distribution  of  that  genus  has  been 
considered  essentially  circumpolar.  Some  of  the  ammonitic 
types  also  point  in  the  same  direction,  but  the  genera  Lytoceras 
and  Phylloceras  are  also  represented,  and  these  are  the  genera 
that  Neumayr  considered  especially  characteristic  of  the  southern 
or  tropical  zone.  With  the  disappearance  of  Aucella  the  fauna 
of  the  Horsetown  becomes  almost  purely  southern  in  type,  so 
far  as  the  ammonites  are  concerned,  as  Professor  J.  P.  Smith' 
has  stated;  but  this  change  can  hardly  be  attributed  to  a  change 
in  climate,  for  it  will  be  remembered  that  Aucella  beds  occur  as 

» Mesozoic  Changes  in  the  Faunal  Geography  of  California,  Jour.  Geol.,  Vol. 
Ill,  1895,  pp.  381-382. 
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far  south  as  the  Himalayas  in  India  and  almost  to  the  tropics  in 
Mexico.  Besides,  the  fossil  plants  of  both  divisions  of  the  Shasta, 
as  well  as  those  of  the  more  northern  Kootanie,  indicate  at  least 
a  warm  temperate  climate.'  The  facts  seem  to  support  Dr.  Koss- 
mat's'  opinion  that  Neumayr  exaggerated  the  influence  of  cli- 
mate on  the  distribution  of  ammonites  [and  other  Mesozoic 
invertebrates  as  well],  and  that  the  climatic  influence  was  of 
little  importance  when  compared  with  geographic  relations,  the 
presence  or  absence  of  opportunities  for  free  communica- 
tion, etc.  Neumayr 3  himself  referred  the  California  Creta- 
ceous to  his  Indo-Pacific  region,  and  spoke  of  the  persistent 
conservative  character  of  the  Mesozoic  faunas  of  that  region. 
The  earliest  Cretaceous  deposits  are  apparently  not  preserved  on 
the  Asiatic  side  of  the  Pacific,  but  beginning  with  the  Upper 
Cretaceous  beds,  usually  classed  as  Cenomanian,  on  about  the 
horizon  of  the  uppermost  Horsetown  beds,  very  closely  related 
faunas  are  widely  distributed  around  the  borders  of  the  great 
Pacific  basin.  They  occur  in  southern  India,  Japan,  Saghalin, 
Queen  Charlotte  Islands,  Vancouver,  and,  according  to  Stein- 
mann,*  on  the  west  coast  of  Chile.  While  Lower  Cretaceous 
deposits  are  not  so  widespread  in  that  region,  the  character  and 
distribution  of  their  fauna  down  the  west  coast  of  North  America 
seem  to  indicate  that  the  Pacific  was  then  the  home  of  a  uni- 
form fauna,  and  that  it  was  directly  connected  with  the  boreal 
sea  that  covered  Russia  and  Siberia,  but  was  not  in  communica- 
tion with  the  Atlantic.  This  subject  can  be  discussed  more 
satisfactorily  after  reviewing  the  Cretaceous  of  the  Texas  region. 
The  Comanche  scries,  —  In  area  and  in  faunas  the  greatest 
development  of  the  Lower  Cretaceous  in  the  United  States  is  the 
Comanche  series  of  the  Texan  region.  Its  outcrops  extend  from 
western  Arkansas  through  southern  Indian  Territory  to  Denison 
and  Preston,  thence  southward  through  Fort  Worth,  Austin,  and 

*  Sir  J.  W.  Dawson,  Trans.  Roy.  Soc.  Canada,  Vol.  X,  1892,  Sec.  4,  pp.  81-82. 
'  Jahrb.  der  k.  k.  geol.  Keichsanstalt,  1894,  Bd.  44,  p.  476. 

3  Erdgcschichle,  Bd.  2,  p.  391,  1883. 

4  Neues  Jahrb.  f.  Mineral.,  Geol.  und  Palaont,  Beilage  Bd.  10,  1895,  PP*  1-118. 
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San  Antonio  to  the  Rio  Grande  at  Del  Rio,  covering  large  areas 
west  of  that  line.  It  is  known  to  underlie  a  large  part  of 
Mexico,  extending  as  far  west  as  Arivechi  in  Sonora.  Small 
outlying  areas  occur  in  southern  Arizona,  at  El  Paso,  Texas, 
in  eastern  New  Mexico,  in  Oklahoma,  and  in  southern  Kansas. 
The  stratigraphic  details  have  been  published  mainly  by  Messrs. 
R.  T.  Hill,  J.  A.  Taff,  E.  T.  Dumble,  W.  F.  Cummins,  T.  W. 
Vaughan,  and  C.  S.  Prosser. 

The  main  features  of  Mr.  Hill's  classification  of  the  deposits 
are  as  follows  : 


Washita 


V 


Shoal  Creek  limestone, 
Denison  beds, 
Fort  Worth  limestone, 
Preston  beds. 


Comanche  series  \    Fredericksburg 


Trinity 


(  Caprina  (Edwards)  limestone, 
\  Comanche  Peak  limestone, 
(  Walnut  clays. 

JPaluxy  sands, 
Glen  Rose  limestone  and  clays. 
Trinity  sands. 


This  list  gives  the  principal  recognized  subdivisions  and  indi- 
cates the  lithologic  character  of  the  section  in  central  Texas. 
Calcareous  sediments  of  varying  texture  and  composition  largely 
predominate  over  all  other  kinds,  thus  contrasting  strongly  with 
the  Shasta  deposits.  Considerable  beds  of  sand  are  locally 
developed  in  the  lower  or  Trinity  division,  and  in  the  middle  of 
the  Washita  clays  and  sandy  layers  usually  predominate,  but  as 
a  rule  much  more  than  half  of  the  total  thickness  of  the 
Comanche  series  consists  of  calcareous  beds.  Near  the  borders 
of  the  Comanche  sea  the  limestones  decrease  in  relative  thick- 
ness or  disappear  entirely.  At  El  Paso  they  form  but  a  small 
proportion  of  the  section,  and  in  the  Tucumcari  region  of  New 
Mexico  and  in  southern  Kansas  the  rocks  are  all  sandstones  and 
clay  shales.  In  the  latter  region  the  total  thickness  is  only 
about  200  feet,  and  apparently  the  Washita  division  is  the  onlj- 
,  one  represented.  In  central  Texas  the  entire  series  has  a  thick- 
ness of  about  1 500  feet,  which  increases  southwestward,  until 
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in  northern  Chihuahua  it  reaches  4000  feet,  as  estimated  by  Dr. 
C.  A.  White,'  and  still  farther  south  very  much  greater  thick- 
nesses have  been  reported.  Lithologically  the  Comanche  series 
as  a  whole  contrasts  strongly  with  the  Cretaceous  rocks  of  all 
other  parts  of  the  United  States,  and  indeed  of  North  America, 
excepting  Mexico,  which  is  directly  connected  with  the  Texan 
area.  Judging  from  the  descriptions,  lithologically  similar  Cre- 
taceous rocks  are  developed  to  some  extent  in  the  northern  part 
of  South  America  and  in  southern  Europe.  We  must  go  to  these 
regions  also,  and  especially  to  Portugal  and  Spain,  as  Mr.  Hill 
has  pointed  out,  to  find  closely  related  faunas. 

Fossil  plants  have  been  obtained  from  two  horizons,  one  in 
the  Glen  Rose  beds  of  the  Trinity  division,  about  250  feet  above 
the  base  of  the  series,  and  the  other  in  the  so-called  Cheyenne 
sandstone,  at  the  base  of  the  Cretaceous  section  in  southern 
Kansas,  but  apparently  within  the  Washita  division.  The 
plants  from  the  lower  horizon,  which  are  directly  associated  with 
an  abundant  marine  fauna,  have  been  described  by  Professor 
Fontaine.'  He  recognized  twenty-three  distinct  forms,  consist- 
ing mainly  of  conifers  and  cycads,  with  a  fern,  an  Equisetum, 
and  a  few  forms  of  uncertain  affinities.  Of  these  seven  are  rep- 
resented by  identical  and  six  by  similar  species  in  the  Potomac, 
four  occur  in  the  Wealden  of  Europe,  two  in  the  Urgonian,  with 
an  additional  one  represented  by  a  similar  form,  and  six  are 
peculiar  to  the  Glen  Rose.  In  discussing  the  age  and  affinities 
of  these  plants  Professor  Fontaine  says:  **The  plants  found  at 
Glen  Rose  show,  so  far  as  can  be  judged  from  so  imperfect  a 
collection,  that  the  Trinity  flora  finds  its  closest  resemblance  in 
the  older  portion  of  the  lower  Potomac.  There  is,  however,  this 
important  difference :  no  trace  of  angiosperms,  even  the  most 
archaic,  has  been  found  in  the  Texan  region.  We  have  only  the 
four  elements  of  the  typical  Jurassic  flora.  This,  then,  makes  the 
Trinity  flora  somewhat  older  than  that  of  the  oldest  Potomac. 
The  absence  of  angiosperms  and  the  presence  of  the  forms  that 

«  Am.  Jour.  Sci.,  3d  ser.,  Vol.  XXXVIII,  1889,  pp.  440-445. 
*Proc.  U.  S.  Nat.  Museum,  Vol.  XVI,  1893,  pp.  261-282. 
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are  found  indicate  decidedly  that  the  Trinity  flora  is  not  younger 
than  the  earliest  stage  of  the  Cretaceous.  The  number  of  plants 
found  to  be  identical  with  certain  of  those  of  the  oldest  Potomac 
shows  that  there  is  little  difference  in  the  age  of  the  two  formations. 
The  plant-bearing  portion  of  the  Trinity  is  somewhat  older  than  the 
basal  Potomac  strata,  but  the  difference  in  age  cannot  be  great." 

In  this  reasoning  it  seems  to  me  that  too  much  stress  is  laid 
on  negative  evidence,  the  absence  of  angiosperms.  The  present 
habits  and  distribution  of  plants  do  not  warrant  the  assumption 
that  a  small  collection  containing  only  twenty-three  species  from 
a  very  limited  area  would  necessarily  include  all  the  important 
types  of  plants  living  at  the  time  they  were  entombed.  The 
still  more  striking  incompleteness  of  the  Lower  Cretaceous 
faunas  will  be  discussed  beyond.  It  will  be  remembered  that  the 
Kootanie  flora  and  the  plants  from  the  Shasta,  which  were  also 
compared  with  the  Potomac  flora,  likewise  showed  the  absence  of 
dicotyledons  and  this  was  true  even  in  the  Horsetown  beds 
which  are  known  from  their  fauna  and  stratigraphic  position  to 
be  far  above  the  base  of  the  Lower  Cretaceous. 

Among  the  plants  from  the  Washita  horizon  in  southern 
Kansas,  Dr.  Knowlton'  has  recognized  seven  species  of  which 
five  are  dicotyledons  and  two  are  conifers.  The  species  identi- 
fied had  before  been  found  only  in  the  Dakota  group  in  a  flora 
usually  assigned  to  the  Cenomanian.  It  has  been  shown  by 
Cragin,*  however,  that  a  part  of  the  beds  referred  to  the  Dakota 
probably  belongs  to  the  Comanche  series.  At  all  events  it  is 
certain  that  the  upper  part  of  the  Comanche  approaches  the 
Upper  Cretaceous  in  character  and  it  probably  is  not  far  from 
the  horizon  of  the  uppermost  Potomac  beds. 

The  vertebrates  obtained  from  the  Comanche  series  are  few 
and  mostly  fragmentary.  The  descriptions  and  determinations 
of  Williston,3  Cragin,^  and  Cope^  show  the  presence  of  fishes, 

'In  a  paper  by  Mr.  Hill,  Am.  Jour.  Sci.  3d.  scr.  Vol.  L,  1895,  pp.  212-214. 

"Am.  Geologist,  Vol.  XVI,  1895,  pp.  162-165. 

3KansasUni.  Quarterly,  Vol.  Ill,  1894,  pp.  1-4. 

<  Colorado  College  Studies,  Vol.  V,  1895,  PP*  69-73. 

5  Jour.  Acad.  Nat.  Sci.  Phila.,  Vol.  IX,  1895,  pp.  443-447. 
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turtles,  crocodiles,  and  plesiosaurs  but  they  have  not  furnished 
any  very  definite  evidence  as  to  the  age  of  the  beds.  One  of  the 
fishes  (described  by  Cope)  came  from  the  Glen  Rose  beds  and 
another  from  an  unknown  locality  in  Texas.  All  the  other 
vertebrates  mentioned  are  from  higher  beds  near  Camp  Supply, 
Oklahoma,  and  in  southern  Kansas.  Fragmentary  bones  that 
are  supposed  to  be  dinosaurs  but  have  not  been  definitely  identi- 
fied have  been  collected  in  the  Trinity  sands  by  Mr.  Hill. 

The  invertebrate  fossils  are^very  numerous  throughout  almost 
all  of  the  series  above  the  basal  Trinity  sands,  and  constitute 
several  distinct  subfaunas  though  all  are  connected  by  species 
that  pass  from  one  zone  to  another  and  a  few  species  range 
through  a  large  part  of  the  series.  The  species  have  been  mostly 
described  in  various  books  and  papers  by  Roemer,  Giebel,  Mar- 
cou,  Shumard,  Gabb,  White,  Hill,  and  Cragin.  The  revision  of 
the  invertebrate  species  with  the  description  of  new  forms  con- 
tained in  recent  collections  on  which  I  am  at  present  engaged 
has  not  progressed  far  enough  to  enable  me  to  give  complete 
lists  of  the  fossils  of  each  zone  but  the  general  features  of  the 
fauna  can  be  profitably  discussed  and  some  interesting  compari- 
sons can  be  made. 

Mr.  Hill's*  reviews  of  the  subfaunas  of  the  Trinity  division 
and  of  the  Caprina  limestone  in  the  Fredericksburg  division 
afford  a  basis  for  comparing  these  horizons  with  other  Creta- 
ceous beds.  The  list  given  for  the  Trinity  (Glen  Rose)  includes 
about  forty  invertebrate  species  and  this  number  will  be  con- 
siderably increased  by  the  study  of  recent  collections.  The  fol- 
lowing characteristic  forms,  mostly  from  the  same  horizon  as 
the  Glen  Rose  plants,  are  the  most  important  for  our  present 
purpose : 

Ostrea  franklini  Coquand  Requienia  of.  texana  Roemer 

Trigonia  stolleyi  Hill  Monopleura  of.  marcida  White 

Trigonia  crenulata  (Lam.)  Roemer  Monopleura  cf.  pinguiscula  White 

Trigonia  lerchi  (Hill)  Cyprina  sp. 

Trigonia  n.  sp.  Natica  (Lunatia)  pedemalis  Roemer 

*  Proc.  Biol.  Soc.  Washington,  Vol.  VlII,  1893,  PP*  9-40f  97-108. 
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Tylostoma  sp.  Glauconia  cf.  picteti  Coquand 

Glauconia  branneri  (Hill)  Nerinea  sp. 

Glauconia  cf.  helvetica  (Pictet  and      Neumayria  ?  ?  walcotti  Hill 
Renevier)  Stoliczkaia  justinae  (Hill) 

Excepting  the  ammonites  and  the  last  two  species  of  Tri- 
gonia  these  forms  are  all  very  abundant  in  certain  layers  and 
give  character  to  the  fauna.  The  Ostrea  is  a  simple  form  of 
little  diagnostic  value  mentioned  merely  on  account  of  its  abun- 
dance. The  Trigonias  represent  three  groups,  two  of  which, 
scabrae  and  quadratae,  are  characteristic  of  the  Cretaceous  and 
the  other,  glabrae,  occurs  in  both  Jura  and  Lower  Cretaceous. 
Requienia  and  Monopleura  are  not  known  outside  of  the  Creta- 
ceous and  are  found  in  the  Urgonian  and  higher  horizons  of 
Portugal  and  other  southern  European  countries.*  NoHca  pied^ 
emails  is  very  like  N.  simillinus  Choffat  of  the  Urgonian  of  Portu- 
gal, and  Choffat  speaks  of  the  great  abundance  of  large  Naticas 
in  that  horizon,  though  similar  forms  also  occur  in  the  Valanginian 
(Lower  Neocomian)  of  the  same  region.  The  species  of  Glau- 
conia are  all  represented  by  very  similar  southern  European 
forms  ranging  from  the  Urgonian  to  the  Aptian  and  perhaps 
higher.  The  two  species  of  ammonites  are  not  well  enough 
known  to  be  compared  satisfactorily  but  their  nearest  relatives 
apparently  are  Lower  Cretaceous  species. 

Several  other  forms  have  representative  species  in  southern 
Europe  but  when  the  comparisons  are  all  made  the  final  result  is 
not  a  definite  correlation  of  the  lowest  fossiliferous  beds  of  the 
Trinity  with  any  particular  horizon  of  the  Lower  Cretaceous, 
though  the  evidence  is  clear  that  it  cannot  be  earlier  than  the 
Lower  Cretaceous  and  that  it  probably  is  not  the  base  of  the 
Cretaceous. 

'  For  strati><raphy  and  related  species  mentioned  in  this  discussion  see  Choffat 
Recueil  de  Monog.  Stratig.  sur  le  Syst^me  Cr^tacique  du  Portugal,  Lisbonne,  1885 
Recueil  de  Monog.  pal^ont.,  etc.,  1886. 

Pictet  et  Renkvier.     Fossiles  du  Terrain  Aptien  de  la  Perte  du  Rhone. 
Pictet  et  Campiche.     Fossiles  du  Terrain  Cr^tacd  des  environs  de  Sainte  Croix 
De  Loriol  et  de  Lori^r^.     Fossiles  du  Neocomien  superieur  de  Utrillas. 
Coquand,  Monographie  pal^ontologique  de  Tetage  Aptien  de  TEspagne. 
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In  the  lower  part  of  the  Fredericksburg  division  the  Naticas 
and  Tylostomas,  in  part  identical  with  those  of  the  Trinity  con- 
tinue to  play  an  important  part.  Here  we  find  the  first  beds  of 
Gryphaea  belonging  to  the  series  of  species  that  have  often  been 
grouped  under  the  single  name  Gryphaea  pitcheri  Morton,  but 
which  are  now  separated  into  several  species.  These  Gryphaeas 
occur  in  immense  numbers  at  intervals  to  the  top  of  the  Co- 
manche. Other  ostreidae  such  as  Exogyra  and  Alectryonia  have 
a  great  development  of  individuals  representing  several  species. 
Echinoids,  belonging  to  the  genera  Enallaster,  Hemiaster, 
Epiaster,  Holaster,  Holectypus  Pseudodiadema,  Cidaris,  and  a 
few  others  arc  also  numerous  and  continue  in  greater  or  less 
abundance  in  the  calcareous  beds  to  top  of  the  series.  Among 
other  common  forms  are  Cyprimeria,  with  difficulty  distinguish- 
able from  Upper  Cretaceous  species,  several  species  of  Nerinea, 
Aporrhaidae,  etc.  Three  important  species  of  ammonites, 
Engonoceras  piedernalis  (von  Buch),  Schloenbachia  acutocarinata 
(Shumard)  and  5.  trinitaisis  (Gabb)  also  occur. 

The  Caprina  limestone  constituting  the  upper  part  of  the 
Fredericksburg  divison  has  an  interesting  and  remarkable  fauna 
consisting  largely  of  Requienia,  Monopleura,  Ichthyosarcolites 
and  other  Chamidae,  with  Radiolites  or  Sphairulites,  Nerinea, 
many  other  gastropods,  corals,  etc.  The  general  assemblage 
of  forms  is  very  much  like  that  in  the  **Schrattenkalk"  or 
**Caj)rotina  limestone'*  of  the  Urgonian  and  the  similarity 
extends  to  specific  forms  in  many  cases.  There  is  also  a  more 
superficial  resemblance  to  the  Upper  Cretaceous  "Ilippurite" 
limestone  and  it  was  partly  this  resemblance  that  caused  Roemer 
and  Hcilprin*  to  refer  the  Comanche  series  to  the  Upper  Creta- 
ceous. While  it  would  perhaps  not  be  justifiable  to  call  the 
Caprina  limestone  Urgonian  (as  defined  by  Choffat)  or  to  say 
that  they  are  exact  homotaxial  equivalents  yet  such  a  statement 
could  not  be  very  far  from  the  truth.  The  two  faunas  resemble 
each  other  in  so  many  particulars  that  there  must  have  been  free 
communication  between  the    two    areas  and   the  conditions  of 

*  Proc.  Acad.  Nat.  Sci.  Phila.,  1890,  pp.  445-469. 
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marine  life  must  have  been  very  nearly  the  same  in  both  but  as 
we  do  not  know  where  the  faunas  originated  nor  the  direction 
and  rate  of  migration  we  can  not  determine  the  exact  time 
relations  of  the  deposits. 

In  the  Washita  division  many  of  the  elements  of  the  Freder- 
icksburg fauna  continue  either  unchanged  or  but  slightly  modi- 
fied. Among  identical  species  that  occur  in  the  lower  beds  of 
the  Washita  Exogyra  texa?ia,  Turritella  seriatim- granulata  and 
Schloenbachia  acuto-carinata  may  be  mentioned.  The  Engofioceras 
group"  of  ammonites  also  reappears  in  the  upper  part  of  the 
division.  Ammonoids  are  more  abundant  in  the  lower  Washita 
(Preston  and  Forth  Worth  beds)  than  in  any  other  part  of  the 
Comanche  series,  though  only  a  few  types  arc  represented. 
Besides  those  already  mentioned,  the  large  Pachydiscus  bra- 
zoensis  (Shumard)  and  Hamitcs  frcfnonti  Marcou  are  abundant, 
and  there  is  a  large  development  of  the  genus  Schloenbachia, 
mostly  of  the  type  5.  inflata  (Sowerby).  These  forms  together 
with  the  large  Turrilites  brazoensis  Roemer,  if  occurring  in  Europe 
would  probably  be  taken  to  indicate  cither  uppermost  Gault  or 
lowest  Cenomanian.  A  large  development  of  littoral  forms  in  the 
Dcnison  beds  of  northern  Texas,  in  the  Tucumcari  region  ot 
New  Mexico,  and  in  southern  Kansas  also  gives  the  fauna  a 
rather  modern  aspect.  But  its  close  relationship  with  the  fauna 
of  the  underlying  Fredericksburg  division  and  the  fact  that  the 
next  succeeding  fauna,  that  of  the  Timber  Creek  beds,  contains 
species  of  Acanthoceras  and  other  types  resembling  those  that 
are  characteristic  of  the  Cenomanian  in  Europe  tend  to  place  it 
lower  in  the  Cretaceous  system.  The  uppermost  beds  of  the 
Washita  may  possibly  be  as  late  as  the  Cenomanian,  but  the 
lower  beds  in  which  Schloenbachia  is  so  abundant  can  hardly 
be  more  recent  than  the  Gault.  However  this  point  may  be 
decided,  the  most  natural  major  plane  of  division  in  the  Texan 

'  This  group  including  Ammonites  piedernalis  van  Buch,  frequently  spoken  of  as 
"  Cretaceous  Ceratites,"  or  as  "  Buchiceras,"  in  the  broad  sense  in  which  it  was  origi> 
nally  defined,  is  considered  characteristic  of  the  southern  European  or  Mediterranean 
Cretaceous. 
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Cretaceous  is  at  the  top  of  the  Comanche  series,  and  this  plane 
seems  to  coincide  very  closely  with  the  top  of  the  Potomac  and 
the  top  of  the  Shasta. 

It  has  already  been  mentioned  that  the  Cretaceous  of  part  of 
the  west  coast  of  South  America  has  some  resemblance  to  the 
Comanche  series,  but  little  is  published  about  the  stratigraphy, 
and  in  describing  the  fossils  few  attempts  have  been  made  to 
indicate  the  different  horizons,  so  that  it  is  now  impossible  to 
make  close  comparisons.  In  Peru  ScfUoenbachia  acuto-carinata, 
and  several  large  Naticas  and  Tylostomas,  occur  with  a  few 
other  forms  related  to  Comanche  species.  Similarly  in  Colum- 
bia Ptychomya  buchiaiia  (Karsten),  Exogyra  bonssingaulti  d*Orb. 
and  several  others  have  representatives  in  the  Comanche.  It 
has  been  assumed  by  some  authors  that  these  forms  lived  in  the 
Pacific  basin,  and  that  they  prove  that  the  Pacific  and  Atlantic 
were  connected  during  Lower  Cretaceous  time. 

By  independent  comparisons  with  European  Cretaceous 
faunas — principally  northern  European  in  one  case  and  southern 
or  Mediterranean  in  the  other — aided  by  stratigraphic  relation 
with  overlying  beds  and  by  the  evidence  of  the  fossil  plants  we 
have  reached  the  conclusion  that  the  Shasta  group  and  the 
Comanche  series  were  essentially  contemporaneous  deposits. 
And  yet  their  faunas  are  almost  totally  distinct.  This  separate- 
ness  of  the  two  faunas  has  frequently  been  mentioned  by  Dr. 
White'  and  the  present  writer,"  but  the  real  character  of  the  dif- 
ferences has  not  been  clearly  stated.  The  differences  are  not 
dependent  on  fine  discrimination  of  closely  related  species.  On 
the  contrary,  whole  genera  and  in  some  cases  much  higher 
groups  that  are  abundant  and  characteristic  in  one  area  are 
entirely  absent  in  the  other.  The  following  table  will  exhibit 
some  of  the  more  striking  contrasts : 

»Bull.  U.  S.  Geol.  Surv.,  No.  15,  1885,  pp.  30-31  ;  ibid,^  No.  82,  1891,  pp. 
180-198. 

•Bull.  Geol.  Soc.  Am.,  Vol.  IV,  1893,  p.  254;  Jour.  Geol,  Vol.  Ill,  1895,  pp. 
858-861  ;  Bull.  U.  S.  Geol.  Surv.,  No.  133,  1896,  pp.  27,  31  ;  Dillkr  and  Stanton; 
Bull.  Geo.  Soc.  Am.,  Vol.  V,  1894,  P»  4^2. 
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Comanche. 

Shasta. 

Echinoids 

Very   abundant   in  several 

Presence  barely  indicated  at 

horizons 

one  locality  in  the  Knox- 
ville 

Terebratula 

Abundant  in  two  beds 

Rarely  represented 

Rhynchonella 

Absent 

Locally  abundant 

Ostre  dae 

Immensely   abundant    and 
represented     by    Ostrea, 

Very  scarce.  A  small  Ostrea 
in     the      Knoxville      and 

Gryphaea,  Exogyra,  and 

Exogyra  at  top  of  Horse- 

Alectryonia 

town 

Aucella 

Absent 

Immensely  abundant  in  the 
Knoxville 

Trigonia 

Common 

Common,  species  not  closely 
related 

Rudistse 

Abundant  in  Caprina  Limest. 

Absent 

Chamidse 

Abundant  in  Caprina  Limest. 

Absent 

Cvorina 

Very  abundant 

Large  species  abundant 

Rare 

Protocardia 

One    very    small  species    of 

distinct  type 

Cyprimeria 

Abundant 

Absent 

Naticidse 

Large  species  abundant 

One  or  two  small  forms  com- 

Glauconia 

Abundant 

mon 
Absent 

Turritclla 

Abundant 

Very  rare 

Nerinea 

Abundant 
Locally  abundant 

Occurrence  doubtful 

Actaeonella 

Rare 

Lytoceras  , 

Absent 

Abundant 

Phylloceras 

Absent 

Abundant 

Hoplites 

Rare 

Common 

Ancyloccras 

Absent 

Common 

Crioceras 

Absent 

Common 

Hamites 

Abundant  in  one  bed 

Absent 

Pachydiscus 

Abundant  in  one  bed 

Absent 

Schloenbachia 

Abundant  in  Fredericksburg 

One  species.     Rare  at  top  of 

and     Washita     divisions. 

Horsetown 

Several  species 

Engonoceras     and 

JJV  related   Ammon- 

Sites 

Common 

Absent 

Turrilites 

Locally  abundHnt 

Absent 

belemnites 

Absent 

Common 

The  comparisons  could  be  carried  further,  showing  many  other 
genera  that  are  found  in  only  one  of  the  areas,  and  that  those 
occurring  in  both  are  not  represented  by  closely  related  species. 

The  two  faunas  are  complements  of  each  other,  and  both 
must  be  taken  together  to  make  up  a  really  representative  Lower 
Cretaceous  fauna.  Their  differences  agree  in  a  general  way 
with   those    that     exist     between    the    northern    and    southern 
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European  Cretaceous,  but  there  are  some  variations,  such  as  the 
occurrence  of  Lytoceras  and  Phylloceras  with  boreal  forms  in 
the  Shasta  and  their  absence  from  the  southern  Comanche  where 
they  belong. 

As  to  the  causes  of  the  sharp  contrasts  between  the  Creta- 
ceous faunas  of  the  Texan  region  and  the  Pacific  Coast,  reasons 
based  on  the  distribution  of  the  fossil  plants  and  on  the  geo- 
graphic relations  of  the  deposits  have  already  been  given  for 
denying  any  considerable  influence  to  climate,  that  is,  difference 
in  temperature.  Dr.  White  has  argued  for  the  existence  of  a 
long,  narrow,  continental  land  barrier  between  the  two  areas  of 
deposition,  and  that  is  doubtless  the  only  single  cause  that  seems 
at  all  adequate  to  explain  the  facts.  But  how  far  south  the  barrier 
extended  and  whether  its  position  was  constant  we  do  not  know. 
It  is  known  that  the  Comanche  fauna  at  one  lime  extended 
almost  to  the  present  Pacific  Coast  in  northern  Sonora,  and  there 
is  evidence  that  the  Pacific  fauna  may  have  extended  as  far  east 
as  Catorce  in  San  Luis  Potosi,  but  whether  the  two  seas  were 
really  connected  or  what  their  exact  relations  were  we  can  only 
hope  to  learn  when  the  details  of  Mexican  geology  are  fully 
studied.  Besides  the  existence  of  a  barrier,  the  depth  and  clear- 
ness of  the  sea  and  the  character  of  the  bottom  also  probably 
had  considerable  influence.  These  conditions  would  at  least 
explain  the  abundance  of  echinoids  in  one  case  and  their 
absence  in  the  other.  The  Shasta  beds  give  every  evidence  of 
rapid  deposition  near  shore  in  shallow  waters,  with  usually  a 
muddy  bottom,  while  a  large  part  of  the  Comanche  series  was 
laid  down  in  deeper  waters,  or  at  least  little  influenced  by  clastic 
deposits  derived  directly  from  the  land.  One  other  factor  has 
suggested  itself,  though  it  is  probably  not  of  much  weight,  and 
that  is  that  the  gregarious  mollusks,  like  Aucella  and  the 
Ostreida;,  actually  monopolized  the  sea  bottom  where  either 
became  well  established,  so  that  there  was  not  room  for  both  in 
the  same  area. 

The  study  of  these  two  incomplete  faunas  should  emphasize 
the  danger  in  depending  on  the  statistical  method  in  correlating 
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formations — the  method  in  which  each  specific  name  is  treated 
as  a  unit  and  the  relative  affinities  of  different  deposits  or  local- 
ities are  determined  automatically  by  counting  the  number  of 
common  species.  Here  there  are  two  great  series  of  beds,  each 
with  a  fairly  large  fauna,  and  not  very  far  separated  geographic- 
ally, and  yet  if  directly  compared  they  show  no  identical  and 
very  few  related  species.  Again,  these  conditions  arc  sugges- 
tive when  considering  a  sudden  complete  change  in  successive 
faunas,  such  as  is  often  seen.  If  the  barrier  between  the 
Comanche  and  Shasta  seas  had  been  suddenly  removed  and  the 
succeeding  conditions  had  been  favorable  for  the  continuation 
of  only  one  of  the  faunas,  we  would  have  had  in  one  of  the  areas 
such  a  complete  and  sudden  change  in  faunas  in  two  successive 
beds  that  a  long  time  interval  might  have  been  erroneously 
invoked  to  explain  it. 
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CORRELATION  OF  THE  DEVONIAN  FAUNAS  IN 

SOUTHERN    ILLINOIS. 

INTRODUCTION. 

The  Devonian  faunas  of  the  interior  of  America  are  of  two 
distinct  types,  and  occur  in  two  more  or  less  distinct  geological 
provinces.  The  eastern  interior  province  is  typically  represented 
in  New  York ;  it  extends  westward  into  Canada  and  southwest- 
ward  into  the  Ohio  valley.  The  western  interior  province  is 
typically  represented  in  Iowa ;  it  extends  to  the  northwest  into 
British  America  and  is  connected  with  the  European  region. 
The  southern  Illinois  Devonian  is  of  much  interest  because  of  its 
geographic  position  between  the  New  York  and  the  lowan  areas, 
but  in  all  the  study  which  has  hitherto  been  devoted  to  the 
region,  it  has  never  been  definitely  shown  with  which  one  of 
these  provinces  it  is  connected.  Recent  investigation  shows  the 
Devonian  faunas  in  southern  Illinois  to  be  intimately  related  to 
the  New  York  faunas,  and  that  the  strata  containing  them  are 
but  a  western  extension  of  the  formations  of  the  eastern  province. 

The  **  Devil's  Back  Bone  "  and  the  **  Devil's  Bake  Oven,"  near 
Grand  Tower,  in  Jackson  county,  Illinois,  have  long  been  recog- 
nized as  localities  rich  in  Devonian  fossils.  In  1855  Norwood 
and  Prattcn*  described  as  new  several  species  of  Chonetes  from 
this  locality.  In  1867  I^^"  made  frequent  mention,  in  Vol.  IV  of 
the  Palaeontology  of  New  York,  of  the  occurrence  of  species  of 
brachiopods  at  the  **Bake  Oven,"  Jackson  county,  Illinois,  and  a 
few  were  described  from  this  locality  exclusively.  In  1868  the 
f^eology  of  Jackson  county  was  published  in  Vol.  Ill  of  the 
Geological  Survey  of  Illinois,  several  sketches  of  the  "Bake 
Oven"  and  the  **Back  Bone"  being  reproduced  and  mention 
being  made  of  the  fossils  collected.     In  the  same  volume  arc 

*Jour.  Acad.  Nat.  Sci.,  Phil.,  scr.  2,  Vol.  Ill,  pp.  23-32. 
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descriptions  and  illustrations  of  several  species  of  fossils  from  the 
locality. 

The  **  Back  Bone*'  is  a  narrow,  rocky  ridge,  rising  about  one 
hundred  feet  above  river  level  and  extending  northward  from 
the  town  of  Grand  Tower  along  the  east  bank  of  the  Mississippi 
River  for  a  distance  of  about  one-half  mile.  It  consists  of  strata 
of  Devonian  limestone,  with  beds  which  are  probably  of  Lower 
Helderberg  age  below,  dipping  to  the  northeast  at  an  angle  of 
about  25**.  The  ** Bake  Oven"  is  really  the  northern  end  of 
this  ridge,  but  is  isolated  from  the  main  **Back  Bone"  by  an 
interval  of  several  hundred  feet. 

The  field  work  upon  which  the  present  paper  is  based  was 
done  in  August  1896.  As  the  time  which  could  be  devoted  to 
the  work  was  limited,  it  was  concentrated  upon  the  north  face  of 
the  *'  Bake  Oven.*'  The  section  here  studied  is  about  167  feet 
in  thickness.  An  attempt  was  made  to  select  the  fossil-bearing 
zones  in  the  section,  and  to  make  as  complete  collections  from 
them  as  the  time  would  allow.  Twenty-six  zones  were  recog- 
nized, eighteen  of  them  being  fossil-bearing  to  a  greater  or  less 
extent.  Additional  time  in  the  field  would  doubtless  materially 
increase  the  number  of  species,  and  perhaps  the  number  of  zones, 
and  a  careful  examination  of  the  entire  **  Back  Bone"  would  be 
exceedingly  valuable. 

DESCRIPTION    OF    THE    SECTION,    WITH    LISTS    OF    FOSSILS. 

The  field  number  given  to  the  section  was  5^.  The  beds, 
with  their  fossil  contents,  will  be  described,  beginning  with  the 
lowest,  5^'  and  passing  upward  through  the  successive  zones  to 
SA^,  which  is  the  highest.  The  relative  abundance  of  the 
species  is  designated  as  follows:  (a)  abundant,  (c)  common, 
(r)  rare. 

^A '  About  fifteen  feet  of  coarsely  crystalline,  gray  limestone  exposed, 
variable  in  texture,  and  often  more  or  less  arenaceous,  especially  near  the 
top.     Fossils  numerous  but  not  well  preserved. 

1.  Leptana  rhomboidalis  Wilck.  (c). 

2.  Chonetes  laticosta  Hall  ?  (r). 
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3.  Orthis  (Rhipidomelld)  semele  Hall  ?  (a). 

4.  Rhynchonella  sp,  (r). 

5.  Eatonia  sp,  (r). 

6.  Cyrtina  hamiltonensis  ^2\\  (x). 

7.  Spirifer  macrothyris  Hall  (c). 

8.  spirifer  raricostus  Conrad  (c). 

9.  Nucleospira  elegans  Hall?  (r). 

10.  NucUospira  ventricosa  Hall  (r). 

1 1 .  Meristella  sp.  (c). 

1 2.  Platyceras  sp.  (a). 

1 3.  Orthoceras  sp.  (r). 

14.  Phacops  cristata  Hall  ?  (r). 

15.  Coral,  fragments  (r). 

16.  Bryozoa,  fragments  (c). 

17.  Fish  teeth,  fragments  (r). 

^A '  Two  and  one-half  feet  of  rather  coarse,  light-colored  sandstone. 
Fossils  similar  to  those  in  the  bed  below,  but  poorly  preserved. 

1.  Leptctna rho7nboidalis  Wilck.  (c). 

2.  Chonetes  iaticosta  Hall  (r). 

3.  Orthis  {Rhipidomelia)  semele  Hall  ?  (c). 

4.  Eatonia  sp.  (r). 

5.  spirifer  macrothyris  Hall  ?  (r). 

6.  spirifer  sp.  (r). 

7.  Nucleospira  elegans  Hall  .^  ?  (r). 

8.  Platyceras  sp.  (a). 

9.  Dalmanites  sp.  (r). 

^A '  Forty-five  feet  of  impure,  thin,  irregularly  bedded,  dark  limestone, 
variable  in  texture,  and  affording  no  fossils.  Doubtless  a  more  thorough 
examination  of  these  beds  would  disclose  a  more  or  less  abundant  fauna. 

5/i*  Six  inches  of  impure,  shaly  limestone,  lighter  colored  than  that 
below  and  much  decomposed  upon  the  surface.     Fossils  poorly  preserved. 

1.  Pholidostrophia  nacrea  Hall  (r). 

2.  Chonetes  Iaticosta  Hall  (r). 

3.  Orthis  {Rhipiiiomella)  sp.  (c). 

4.  Rhynchonella  sp.  (r). 

5.  Centronella  glans-fagea  Hall  (r). 

6.  Spirifer  duodenaria  Hall  (c). 

7.  spirifer  sp.  (r). 

8.  Platyceras  sp.  (r). 

9.  Pleurotomaria  ?  sp.  (r). 

10.  Phacops  cristata  Hall  ?  (r). 

1 1 .  Bryozoa,  fragments  (a). 
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SA  ^  Ten  inches  of  dark  brown,  impure,  limestone,  with  chert  nodules. 

1.  Productella  spinulicosta  Hall  (r). 

2.  Dielasma  t  sp,     (r). 

3.  Spirifer  grieri  HbW  (r). 

4.  Piatyceras,  cf.  young  of  P,  bucculentum  Hall  (r). 

5.  Phacops  cristata  Hall  /  (r). 

6.  Bryozoa^  fragments  (a). 

^A  ^  Four  and  one-half  feet  of  unevenly  bedded,  partially  crystalline, 
impure  brown  limestone. 

1.  Strophodonta paUrsoni  Hall  (c). 

2.  Strophonella  ampia  Hall  (r). 

3.  Chonetes  mucronata  Hall  (a). 

4.  Orthis  {Rhipidomelld)  vanuxemi  Hall  varf  (r). 

5.  Orthis  {Schizophoria)  propinqua  Hall  (a). 

6.  AtryPa  reticularis  Linn.  (c). 

7.  Cyrtina  hamiltonensis  Hall  (r). 

8.  Spirifer  grieri  Hall  (r). 

9.  Paracyclas  elUptica  Hall  (r). 

10.  Piatyceras  sp.  (c). 

1 1 .  Lichas  (chonolichas)  eriopsis  Hall  ?  (r). 

12.  Phacops  cristata  Hall  ?  (r). 

13.  Cystodictya  sp.  (a). 

^A  T.  Six  feet  four  inches  of  thin,  unevenly  bedded  gray-brown  limestone 
nearly  identical  in  lithological  characters  with  the  last. 

1 .  Strophodonta  patersoni  Hall  (c). 

2.  Chonetes  mucronata  Hall  (a). 

3.  Orthis  (Rhipidomella)  vanuxemi  Hall  varf  (c). 

4.  AtryPa  reticularis  Linn.  (c). 

5.  Spirifer  varicosus  Hall  (r). 

6.  Nucleospira  concinna  Hall  ?  (r). 

^A^.  One  foot  four  inches  of  impure,  semicrystalline,  brown  limestone  with 
numerous  fragments  of  corals  too  imperfectly  preserved  for  identification. 

^A  '.  Three  feet  of  limestone  similar  to  the  last  but  without  fossils. 
^A  '*'.  One  foot  of  limestene  similar  to  the  last. 

1.  Strophodonta  concava  Hall  (r). 

2.  Corals t  imperfect  fragments  (a). 

^A  ".  Three  feet  ten  inches  of  hard,  brittle,  semicrystalline,  much  frac- 
tured limestone,  with  an  abundant  fauna. 

1.  Strophodonta  patersoni  Hall  (a). 

2.  Strophodonta  concava  Hall  (a). 

3.  Strophodonta  perplana  Conrad  (c). 

4.  Strophodonta  inequistriata  Conrad  (c). 
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5.  Strophodonta  demissa  Conrad  (r). 

6.  Pholidostrophia  nacrea  Hall  (r). 

7.  Leptana  rhomboidalis  Wilck.  (r). 

8.  Orthothetes  chemungensis  Conrad  var.  arctostriata  Hall  (r). 

9.  Orthothetes  chemungensis  Conrad  szx,  panelora  Billings  (c). 

0.  Chonetes  mucronata  Hall  (a). 

1.  Productella  spinulicosta  Hall  (r). 

2.  Orthis  {Rhipidomelld)  vanuxemi  Hall  var  J  (a). 

3.  Orthis  {Schizophorid)  propinqua  Hall  (r). 

4.  Rhynchonella  louisvillensis  Nettelroth  ?  (r). 

5.  Rhynchonella  cf,  horsfordi  Hall  (r). 
[6.  Rhynchonella  {Pugnax)  sp,  (r). 

7.  AtryPa  reticularis  Linn.  (a). 

8.  Cyrtina  hamiltonensis  Hall  (a). 

9.  Spirifer  varicosus  Hall  (a). 

20.  spirifer  duodenaria  Hall  (c). 

21.  Nucleospira  concinna  Hall  (r). 
22  Paracyclas  elliptica  Hall  (r). 

23.  Afodiomorpha  f  cf.  M,  recta  Hall  (r). 

24.  Grammy sia  cf  rhomboidalis  M.  &  W.  (r). 

25.  Conocardium  cuneus  Conrad  (c). 

26.  Avicuhpecten  sp.  (a). 

27.  Pterinea  sp,  (r). 

28.  Pterinea  flabellum  Conrad  ?  (r). 

29.  Platyceras  bucculentum  Hall  ?  (c). 

30.  Callonema  lichas  Hall  ?  (c). 

31.  Loxonema  f  cf  L.  Pexatum  Hall  ?  (c). 

32.  Bellerophon  2  sp.  (r). 

33.  Lichas  {Ceratolichas)  cf  grypes  Hall  (r). 

*34.  Dalmanites  cf  calypso  Hall  cf  erina  Hall  (c). 

35.  Phacops  cristata  Hall  ?  var.  (r). 

36.  Zaphrentis  f  imperfect  fragments  (c). 

37.  Bryozoa  fragments  (c). 

38.  Fish  Teeth  fragments  (r). 

5/^**.  Nine  feet  of  impure,  brown   limestone  with  thin  bands  of  chert. 
No  fossils  collected. 

jA'h  Five  feet  of  limestone  similar  to  the  last. 

1.  Strophodonta Perpiana  Conrad  (c). 

2.  Strophodonta  demissa  Conrad  (r). 

3.  Strophodonta  inequiradiata  Hall  (c). 

4.  Orthothetes  chemungensis  Conrad  var. pandora  Billings  (c). 

5.  Chonetes  mucronata  Hall  (a). 
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6.  Productella  Spinulicosta  Hall  (r). 

7.  Pentamerella  cf.  arata  Conrad  (r). 

8.  Rhynchonella  sappho  Hall  (r). 

9.  Rhynchonella  cf»  horsfordi  Hall  (r). 

10.  Dielasma  f  sp.  (r). 

1 1.  AtryPa  reticularis  Linn.  (a).  1 

12.  Spirifer  sp,  (r). 

13.  Paracyclas  elHptica  Hall  (r). 

14.  Phacops  cristata  Hall  ?  var,  (r). 

15.  Bryozoa,  fragments  (a). 

^A  **.  Twenty  feet  of  impure  brown  limestone,  variable  in  character  and 
texture,  thin  bedded  and  shaly  in  part. 

SA  '5.  Five  feet  of  impure  reddish  brown  limestone. 

1 .  Strophodonta  concava  Hall  (a). 

2.  Strophodonta  demissa  Conrad  (c). 

3.  Leptcena  rhomboidalis  Wilck.  (a). 

4.  Chonetes  cf,  deflecta  Hall  (a). 

5.  Orthis  (RhipidomellcC)  7/anuxemi  Hall  (c). 

6.  Paracyclas  elliptica  Hall  (r). 

7.  Bellerophon  sp,  (r). 

8.  Gomphoceras  lunatum  Hall  ?  (c). 

9.  Gomphoceras  impar  Hall  ?  (c). 

^A  *^  Three  feet  ten  inches  of  brown  limestone. 

1.  Strophodonta  inequiradiata  Hall  (r). 

2.  Chonetes  cf,  deflecta  Hall  (r). 

3.  Orthis  {Rhipidomella)  vanuxenii  HslU  ?  var.  (a). 

4.  Orthis  (Schizophorid)  f  sp,  (a). 

5.  Spirifer  sp,  (r). 

6.  Paracyclas  elliptica  Hall  (r). 

^A  "7.  Five  feet  five  inches  of  impure  brown  limestone.     No  fossils  col- 
lected. 

^A  ".  Three  feet  six  inches  of  impure,  reddish-brown  limestone,  com- 
posed almost  wholly  of  a  single  species  of  Chonetes, 

1.  Chonetes yandellana  Hall  (a). 

2.  Productella  spinulicosta  Hall  ?  (r). 

3.  Productella  sp,  (r). 

4.  Camarophoria  sp,  (r). 

5.  Dielasma  cfDf  navicella  Hall  (r). 

6.  Paracyclas  elliptica  Hall  (r). 

7.  Platyceras  sp,  (r). 

SA  ".  Nine  feet  of  impure  brown  limestone  with  few  fossils. 
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5A  **.  Two  feet  impure  shaly  brown  limestone  with  multitudes  of  a  single 
species  of  C hone  Us. 

1.  Chonetes  littoni  N.  &  P.?  (a). 

2.  Spirifer  fomaculus  M.  &  W.  (r). 

jA".   Six   feet   of    impure,   thin   bedded,   brown    limestone  with   few 
fossils. 

jA".  Six  inches  impure  brown  limestone. 

1 .  Pholidostrophia  nacrea  Hall  (a). 

2.  Productella  spinulicosta  Hall  (r). 

3.  DUlasma  sp,  (r). 

4.  A  try  Pa  reticularis  Linn.  (r). 

5.  spirifer  ziczac  Hall  1  (a). 

6.  spirifer  fomaculus  M.  &  W.  (r). 

7.  Favosites  ?  j/.  (r). 

SA"^,  Three  feet  of  dark,  often  nearly  black,  somewhat  siliceous  lime- 
stone with  many  fossils. 

1.  Strophodonta  inequiradiata  Hall  (a). 

2.  Strophodonta  demissa  Conrad  (c). 

3.  Pholidostrophia  nacrea  Hall  (a). 

4.  Leptcena  rhomboidalis  Wilck.  (a). 

5.  Chonetes  deflecta  Hall  (a). 

6.  Chonetes  pusilla  Hall  (a). 

7.  Orthis  {Schizophoria)  iowensis  Hall  (c). 

8.  spirifer  fomaculus  M.  &  W.  (c). 

9.  Athyris  vittata  Hall  (c). 

10.  Paracyclas  elUptica  Hall  (c). 

1 1 .  Paracyclas  lirata  Conrad  (r). 

12.  Pleurotomaria  sp.  (c). 

1 3.  Bellerophon  sp.  (r). 

14.  Orthoceras  sp.  {x). 

15.  Phacops  rana  Green  (a). 

16.  Proetus  rowii  Green  (r). 

17.  Zaphrentis?  sp,  (r). 

1 8.  Cystodictya  sp.  (a). 

^A**.  Nine  feet  of  unexposed,  covered  at  the  time  of  examination   with 
mud  and  water. 

SA*^.  Three  feet  of  dark  brown  impure  limestone  made  up  almost  exclu- 
sively of  specimens  of  Chonetes  coronata. 

1.  Chonetes  coronata  Hall  (a). 

2.  TropidoUptus  carinatus  Conrad  (a). 

3.  spirifer  fomaculus  M.  &  W.  (a). 
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4.  Bellerophon  sp.  (r). 

5.  Gyroceras  cf,  trivolve  Conrad  (r). 

6.  Tentaculites  bellulus  Hall  ?  (c). 

7.  Phacops  rana  Green  (c). 

8.  Proetus  canaliculatus  Hall  (r). 
Q.  Zaphrentis  sp.  (r). 

10.  Cystodictya  sp,  (c). 

SA^,  Four  inches  of  impure  brown  limestone  like  the  last,  but  with  few 
specimens  of  Chonetes  coronata. 

1.  Orthothetes  chemungensis  Conrad  var pandora  Billings  (r)  . 

2.  Chonetes  coronata  Hall  (c). 

3.  Spirtfer  fomaculus  M.  &  W.  (a). 

4.  GoMphoceras  sp.  (r). 

DISCUSSION    OF    THE    FAUNAS. 

From  a  general  survey  of  the  entire  fauna  of  the  section, 
seven  conspicuous  divisions  may  be  recognized.  The  first  of 
these  include  zones  5^*  and  5-/I'.  The  conspicuous  species  are 
Orthis  i^Rhiphidomella)  semelef  diVid  Platyceras  sp.  Orthis  i^Rhipid.) 
setnele  was  originally  described  by  Hall  from  very  imperfect 
material  found  in  the  Onondaga  limestone  in  Erie  county,  N.  Y. 
The  Illinois  specimens  are  not  perfectly  preserved,  but  seem  to 
agree  more  nearly  with  this  species  than  with  any  other.  The 
Platyceras  is  of  a  type  which  might  be  present  in  any  fauna  from 
the  Lower  Helderbergto  the  Hamilton  inclusive.  Well  preserved 
specimens  of  spirifer  tnacrothyris  and  spirifer  raricostus  are  present, 
which  are  good  Upper  Helderberg  species.  Associated  with  these 
are  Nucleospira  ventricosa  and  Nucleospira  elegans?  which  were 
described  from  the  Lower  Helderberg,  and  an  undescribed 
species  of  Eatonia,  which  genus  has  not  hitherto  been  recognized 
above  the  Oriskany.  There  is  no  fauna  comparable  to  this  one 
in  the  western  interior  Devonian  province,  but  in  the  eastern 
province  this  association  of  species  is  about  equivalent  to  the 
lower  half  of  the  Upper  Helderberg  group  in  the  New  York 
series. 

The  second  division  of  the  general  fauna  includes  zones  s^^ 
to  5^*3.     The  association  of  species   in  these  zones  is  a  typical 
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Corniferous  limestone  fauna,  as  seen  in  Indiana,  Ohio,  and  New 
York.  The  conspicuous  species  in  the  fauna  are  the  large  and 
robust  Strophodontas,  the  Atrypa  reticularis  of  the  large,  robust 
form  so  common  at  the  falls  of  the  Ohio,  Spirifer  varicosus^ 
Spirifer  duodenaria,  Orthis  i^Schizopliorid)  propinqua,  Paracyclas 
eUiptica,  Conocardium  cu?ieus,  Lie  has  (^Ceratolichas)  cf,  grypes^ 
Dalmanites  cf,  calypso  cf.  eriiui,  etc.  Nowhere  in  the  western 
interior  province  does  a  fauna  at  all  allied  to  this  one  occur, 
but  it  is  identical  with  the  Corniferous  fauna  of  the  eastern 
province. 

The  third  division  may  be  called  the  Gomphoceras  zone,  and 
includes  only  the  bed  numbered  5^ 's.  it  is  characterized  by 
numerous  specimens  of  several  large,  robust  species  of  Gomplio- 
ceras.  The  specimens  as  they  occur  on  the  surface  of  the  out- 
crop are  generally  too  imperfect  for  certain  identification,  but 
are  of  a  general  type  of  the  genus  which  is  common  in  both  the 
Corniferous  and  the  Hamilton  faunas.  The  associated  species 
are  nearly  all  identical  with  those  in  the  Corniferous  fauna 
below. 

The  fourth  division  is  the  Chanetes  yandellaria  zone,  ^A  ■®, 
The  bed  is  made  up  almost  exclusively  of  multitudes  of  speci- 
mens of  this  one  species,  all  the  others  recorded  being  rare  or 
uncommon. 

The  fifth  division  is  the  Chonetes  littofd?  zone,  5^ '°.  It  is 
similar  to  the  Chonetes  yandclla?ia  zone  in  being  made  up  almost 
entirely  of  great  numbers  of  individuals  of  a  single  species  of 
Ownctes.  C,  littoni,  with  three  other  species  of  the  same  genus, 
was  originally  described  from  this  locality  by  Norwood  and 
Prattcn,  but  their  descriptions  and  figures  arc  so  imperfect  that 
it  is  difficult  to  recognize  their  species.  In  the  faunas  of  the  sec- 
tion there  are  three  conspicuous  Chofietes  zones,  each  containing 
exclusively  a  single  species  of  the  genus.  Three  of  Norwood 
and  Pratten's  species,  C.  maclurei,  C.  martini^  and  C,  tiwmyi,  may 
be  certainly  identified  as  different  stages  of  a  single  species,  C. 
coronatiis,  which  characterizes  the  uppermost  Chonetes  zone.  The 
chances   are,   therefore,   that   their   fourth  species,   C   littoni,  is 
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cither  one  or  the  other  of  the  two  additional  conspicuous  species 
at  the  locality,  and  from  careful  examination  and  comparison  of 
the  specimens,  descriptions  and  figures,  it  seems  most  probable 
that  the  species  occurring  in  such  numbers  in  zone  5 A  '^  is  the  C. 
littoni  of  these  authors. 

The  sixth  division  is  zone  5A  '3,  and  has  a  fauna  quite  differ- 
ent from  any  of  those  below.  Leptcena  rhomboidalis  is  the  most 
abundant  species.  Some  of  the  additional  conspicuous  species 
are  Chonetes  deflecta  and  Chonetes  pusilla,  which  are  apparently 
variations  of  a  single  species,  Pholidastrophia  nacrea,  Athyris  vittata 
of  the  type  common  at  the  falls  of  the  Ohio,  Phacops  rana,  Para- 
cyclas  elliptica  and  Paracyclas  lirata.  As  s^  whole  the  fauna  is  of 
a  Hamilton  facies,  but  is  more  like  the  Hamilton  fauna  at  the 
falls  of  the  Ohio  than  the  typical  New  York  fauna.  Orthis 
i^Schizophorid)  iowensis  is  an  uncommon  species  which  is  con- 
spicuous in  the  Devonian  faunas  of  Iowa,  but  is  absent  from  the 
New  York  faunas  until  after  the  incursion  of  the  Chemung  faunas 
from  the  west. 

The  seventh  and  last  division  is  zone  sA  '5,  and  may  be  termed 
the  Chonetes  coronaia  zone.  The  bed  is  made  up  of  multitudes 
of  individuals  of  Chonetes  coronata,  with  perhaps  one-tenth  as 
many  individuals  of  Tropidoleptus  carinattis.  Both  of  these  species 
are  peculiar  forms  and  are  characteristic  of  the  New  York  Hamil- 
ton. They  appear  suddenly  both  in  the  New  York  and  the  Illinois 
localities  without  any  known  forerunners.  Tropidoleptus  carina- 
tus  is  an  abundant  species  in  the  South  American  Devonian 
faunas,  and  Chonetes  coroftata  is  of  a  type  otherwise  unknown  in 
North  America,  but  common  in  South  America,  where  it  is 
represented  by  C.  arcei  Ulr.,  C  riicki  Ulr,,  and  other  species.  There 
is  evidence  in  the  Hamilton  fauna  of  the  east- American  province 
of  an  immigration  from  the  southern  hemisphere  which  did  not 
affect  the  western  Devonian  faunas.  The  details  of  this  epoch 
in  Devonian  history  are  not  yet  fully  understood,  but  the  pres- 
ence of  this  Chonetes  coronata  and  Tropidoleptus  fauna  marks  the 
point  where  this  immigration  first  made  itself  felt  in  the  south- 
ern Illinois  region. 
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CONCLUSION. 

It  is  believed  that  the  facts  here  set  forth  satisfactorily 
demonstrate  that  the  Devonian  faunas  in  southern  Illinois  are  not 
related  to  the  lowan  Devonian  faunas  as  has  sometimes  been 
suggested,  but  are  a  western  extension  of  the  faunas  of  the  New 
York  province.  At  the  **  Bake  Oven  "  section  the  fauna  of  the 
lowest  beds  is  of  an  age  corresponding  to  the  lower  portion  of  the 
Upper  Helderberg  period,  while  the  uppermost  faunas  are  of 
Hamilton  age.  The  line  of  demarkation  between  the  Upper 
Helderberg  and  Hamilton  faunas  cannot  be  exactly  drawn,  but 
it  comes  somewhere  between  zones  5 A  **  and  5 A  *3. 

In  conclusion  I  wish  to  acknowledge  the  assistance  given  by 

Mr.  A.  W.  Slocom,  who  has  skillfully  prepared  the  material  for 

study. 

Stuart  Weller. 

The  University  of  Chicago. 


Editorial. 


The  attendance  at  the  Detroit  meeting  of  the  American 
Association  for  the  Advancement  of  Science  was  notably  smaller 
than  usual,  a  result  doubtless  due  in  part  to  the  meeting  of  the 
British  Association  at  Toronto  which  followed  at  such  an  inter- 
val as  to  invite  busy  men  to  select  the  one  at  the  expense  of  the 
other.  The  attendance  upon  the  geological  section  was  also 
adversely  affected  by  the  International  Congress  at  St.  Peters- 
burg. The  papers  presented,  however,  were  perhaps  even  more 
than  usually  important  and  interesting.  The  location  of  the 
meeting  naturally  invited  an  unusual  number  of  papers  relative 
to  the  problems  of  the  Great  Lake  Basins  and  these  easily 
took  precedence.  The  widest  popular  interest  was  undoubtedly 
called  forth  by  Mr.  Gilbert's  announcement  of  a  definite  tilting 
of  the  area  of  the  lake  basins  towards  the  southwest.  His  deduc- 
tion that  the  rate  of  change  amounted  to  five  inches  per  hundred 
miles  per  century,  and  his  prophecy  that  at  a  specified  date  the 
drainage  would  be  reversed,  Niagara  abandoned,  and  Detroit  and 
Chicago  flooded,  naturally  created  something  akin  to  a  sensation 
in  the  great  cities  of  the  lakes.  Incidentally  this  contribution 
to  prophetic  geology  is  having  a  good  effect  in  removing  the  too 
wide  impression  that  geology  is  a  science  of  the  ancient  earth. 
The  present  and  future  belong  to  it  as  much  as  the  past.  The 
activity  of  recent  years  in  current  geomorphy  is  helping  to 
awaken  an  appreciation  of  contemporaneous  geology.  A  few 
decisive  predictions  will  doubtless  establish  the  value  of  prog- 
nostic geology. 

This  is  not  the  first  time  that  Mr.  Gilbert  has  essayed  the 

r61e  of  geological  prophet,  but  it  is,  we  believe,  the  first  instance 

in  which  he  has  given  us  a  definite  time  factor  which  holds  out 
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the  prospect  that  we  may  be  able  to  bring  him  face  to  face  with 
his  responsibilities  at  a  fixed  day  of  fulfillment,  though  his  dates 
are  inconveniently  distant.  A  prophecy  which  definitely  courts 
a  test  of  its  accuracy  by  giving  dates  and  amounts  has  a  grateful 
moral  flavor.  The  prospect  of  honor  for  fulfillment  and  punish- 
ment for  failure  is  equitably  distributed.  Writing  from  this 
doomed  locality  we  cannot  lay  claim  to  that  indifference  to  results 
which  is  the  prerequisite  of  complete  impartiality  in  weighing 
the  merits  of  the  prophecy,  but  we  have  this  comforting  alterna- 
tive that  whatever  the  outcome  we  shall  be  able  either  to  rejoice 
in  the  triumph  of  a  friend  or  else  join  in  the  laugh  of  our  neigh- 
bors at  his  failure. 

♦ 
One  of  the  features  of  especial  interest  at  the  Detroit  meet- 
ing was  the  joint  session  of  the  anthropological  and  geological 
sections  for  the  discussion  of  the  relics  of  man  found  on  the  Dela- 
ware at  Trenton,  N.  J.,  participated  in  by  Putnam,  Knapp,  Kiim- 
mel,  Wright,  Holmes,  Mercer,  Wilson  and  Salisbury.  Previous 
to  the  meeting  all  of  these  participants  had  visited  the  ground 
where  excavation  under  the  direction  of  Professor  Putnam  has 
been  for  some  time  in  progress,  and  were  thus  armed  with  fresh 
facts  from  personal  observation.  The  good  influence  of  the 
**higher  criticism"  was  manifest  in  the  great  care  obviously  taken 
in  making  and  presenting  the  observations  and  in  the  critical  and 
cautious  attitudes  assumed  in  their  interpretation.  The  discus- 
sion was  an  altogether  admirable  one  and  formed  an  important 
episode  in  the  progress  of  anthropic  geology  in  this  country. 
The  discussion  was  essentially  confined  to  the  interpretation  of  a 
surface  bed  of  sand  three  or  four  feet  thick  embracing  scattered 
pebbles  and  irregular  seams  of  ferruginous  and  silty  materials,  and 
of  the  artifacts  found  in  it.  This  superficial  bed  rests  upon  the 
glacial  gravels  and  lies  on  the  brink  of  the  terrace  which  overlooks 
the  Delaware  bottoms.  The  geological  discussion  centered  upon 
the  origin  of  this  sandy  deposit.  The  majority  opinion  and  the 
weight  of  evidence  seemed  on  the  whole  to  favor  a  wind  origin. 
No  substantial  evidence  that  it  was  of  glacial  or  glacio-fluvial 
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origin,  or  that  it  was  contemporaneous  with  any  part  of  the  ice 
age  was  presented.  The  anthropological  discussion  centered 
upon  the  question  whether  any  civilization  different  from  that  of 
the  early  Algonkian  Indians  was  shown  by  the  relics.  The  for- 
mer contention  that  the  base  of  the  deposit  only  carries  argillite 
artifacts,  while  the  upper  carries  quartz  and  jasper  flakes  also, 
was  weakened  by  the  reporting  of  a  few  jasper  and  quartz  chips 
from  the  lower  part.  The  hypothesis  that  the  artifacts  are 
palaeolithic  was  weakened  by  the  discovery  of  a  small  arrowhead 
in  the  heart  of  the  deposit.  On  the  whole  the  discussion  seemed 
to  leave  the  general  impression  that  the  evidence  of  any  very 
ancient  or  very  primitive  form  of  civilization  at  this  locality  is  of 
a  quite  slender  and  doubtful  nature.  The  hypothesis  of  a  glacial 
man  was  scarcely  in  serious  discussion  although  incidentally 
alluded  to,  there  being  no  proof  that  the  beds  are  of  glacial  age. 
No  new  evidence  of  relics  in  the  undoubted  glacio-fluvial  beds 
below  was  presented. 

♦ 

At  the  Toronto  meeting  a  similar  joint  session  was  held  at 
which  the  broader  subject  of  ancient  man  in  America  was  dis- 
cussed. The  added  point  of  interest  there  was  the  attitude  of  the 
British  geologists  and  archaeologists  who  are  familiar  with  the 
character  of  the  evidence  in  Europe  where  the  antiquity  of  man 
is  not  seriously  questioned.  Their  general  disposition  toward 
the  evidence  presented  was  that  of  marked  conservatism.  The 
foreign  anthropologists  and  geologists  seemed  keenly  alive  to  the 
inherent  incongruities  and  self-destructive  aspects  of  much  of  the 
supposed  evidence  for  the  great  antiquity  of  man  in  America. 

The  influence  of  the  two  discussions  will  be  very  wholesome 
both  within  and  without  scientific  circles. 

The  geological  papers  presented  at  the  meeting  of  the  Brit- 
ish Association  at  Toronto  were  notable  for  the  wide  range  of 
their  themes  and  their  high  order  of  excellence.  T.  C.  C. 

♦•♦ 

Papers  offered  at  the  Detroit  meeting  of  the  Geological 
Society  of  America,  August  10,  1897: 
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"  The  Granite  Mountain  Area  of  Burnet  County,  Texas.'*  By  Frederic 
W.  SiMONDS,  Austin,  Texas. 

"Exposures  near  Detroit  of  Helderberg  Limestone  and  Associated 
Gypsum,  Salt  and  Sandstones.**     By  W.  H.  Sherzer,  Ypsilanti,  Mich. 

"Notes  on  the  Geology  of  the  Lower  Peninsula  of  Michigan.**  By 
Alfred  C.  Lane,  Houghton,  Mich. 

"  The  Nomenclature  of  the  Carboniferous  Formations  of  Texas.*'  By 
Robert  T.  Hill,  Washington,  D.  C. 

"Stratigraphy  and  Structure  of  the  Puget  Group,  Washington."  By 
Bailey  Willis,  Washington,  D.  C. 

"  The  Loess  as  a  Land  Deposit.**     By  J.  A.  Udden,  Rock  Island,  111. 

"  Ice-transported  Bowlders  in  Coal  Seams."  By  Edward  Orton,  Col- 
umbus, O. 

"Clay  veins  Vertically  Intersecting  Coal  Measures.'*  By  W.  S.  Gres- 
LEY,  Erie,  Pa. 

"Analogy  Between  Declivities  of  Land  and  Submarine  Valleys.**  By 
J.  W.  Spencer,  Washington,  D.  C. 

"Great  Changes  of  Level  in  Mexico  and  the  Interoceanic  Connections.** 
By  J.  W.  Spencer,  Washington,  D.  C. 

Papers  offered  at  the  Session  of  the  Geological  Section  of 
the  American  Association  for  the  Advancement  of  Science, 
Detroit,  August  11-13,  1897: 

Address  of  Vice-President  White.  Subject:  "The  Pittsburg  Coal 
Bed." 

"  The  Geological  Age  and  Fauna  of  the  Huerfano  Basin  in  Southern 
Colorado."  By  Professor  Henry  F.  Osborn,  Columbia  University,  New 
York,  N.  Y. 

"An  Account  of  the  Researches  relating  to  the  Great  Lakes."  By  Dr. 
J.  W.  Spencer,  Washington,  D.  C. 

"Lake  Chicago  and  the  Chicago  Outlet."  By  Frank  Leverett,  U.  S. 
Geological  Survey,  Denmark,  la. 

"The  Lower  Abandoned  Beaches  of  Southeastern  Michigan."  By 
Frank  B.  Taylor,  Fort  Wayne,  Ind. 

"  Some  Features  of  the  Recent  Geology  around  Detroit."  By  Frank  B. 
Taylor,  Fort  Wayne,  Ind. 

"Recent  Earth  Movement  in  the  Great  Lake  Region."  By  G.  K. 
Gilbert,  U.  S.  Geological  Survey,  Washington,  D.  C. 
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"  Preglacial  Topography  and  Drainage  of  Central-Western,  New  York.** 
By  Professor  H.  L.  Fairchild,  University  of  Rochester,  Rochester,  N.  Y. 

"A  Supplementary  Hypothesis  respecting  the  Origin  of  the  American 
Loess.**  By  Professor  T.  C.  Chamberlin,  University  of  Chicago, 
Chicago,  111. 

"  Progress  of  Hydrographic  Investigations  of  the  U.  S.  Geological  Sur- 
vey.**    By  F.  H.  Newell,  U.  S.  Geological  Survey,  Washington,  D.  C. 

"Stylolites.**  By  Professor  T.  C.  Hopkins,  State  College,  Centre  Co. 
Pa. 

"A  suggestion  in  regard  to  the  Theory  of  Volcanoes.'*  By  Professor 
William  North  Rice,  Wesleyan  University,  Middletown,  Conn. 

'*  The  Ores  and  Minerals  of  Cripple  Creek,  Colorado.**  By  H.  P.  Par- 
MALEE,  Charlevoix,  Mich. 

"  Observations  on  the  Genus  Barrattia."  By  Professor  R.  P.  Whit- 
field, American  Museum  Natural  History,  New  York,  N.  Y. 

"Ice  Jams  and  what  they  Accomplish  in  Geology.*'  By  Dr.  M.  A, 
Veeder,  Lyons,  N.  Y. 


Reviews. 


Geological  Survey  of  Canada,  Annual  Report,  Vol,  VIII,  iSgs-     By 
G.  M.  Dawson,  Director,  Ottawa,  1897. 

This  large  volume  embracing  over  a  thousand  pages  contains  a 
summary  report  of  the  work  of  the  geological  survey  for  the  year  1896 
by  Director  Dawson ;  "  A  report  on  the  Country  between  Athabasca 
Lake  and  Churchill  River"  by  J.  Burr  Tyrrell  and  D.  B.  Dowling;  "A 
Report  on  the  Geology  of  a  Portion  of  the  Laurentian  Area  lying  to  the 
North  of  the  Island  of  Montreal,"  by  Frank  D.  Adams,  with  appendices; 
"  A  Report  on  Explorations  in  the  Labrador  Peninsula  along  the  East 
Main,  Koksoak,  Hamilton,  Manicuagan  and  Portions  of  other  Rivers 
in  1892-5,"  by  A.  P.  Low,  with  biological,  petrological  and  mineralo- 
gical  appendices  ;  "  A  Report  of  the  Section  of  Chemistry  and  Miner- 
alogy," by  G.  C.  Hoffman  ;  and  of  the  "Section  of  Mineral  Statistics  and 
Mines,"  by  E.  D.  Ingall.  The  report  is  accompanied  by  numerous  maps 
and  by  photographic  and  other  illustrations. 

The  summary  by  the  director  possesses  the  clearness  and  compre- 
hensiveness which  characterize  all  of  Dr.  Dawson's  general  papers.  It 
gives  an  admirable  synoptical  review  of  the  widely  extended  and  varied 
enterprises  of  this  great  survey.  The  report  of  Mr.  Tyrrell,  and  his 
assistant,  Mr.  Dowling,  embraces  observations  made  chiefly  in  the  sum- 
mer of  1892.  They  cover  Recent,  Pleistocene,  Cretaceous,  Keeweenawan, 
Huronian  and  Laurentian  formations,  besides  topographic,  biologic 
and  other  matters.  The  most  important  contributions  are  those  which 
relate  to  the  Athabasca  sandstone,  which  appears  to  be  the  equivalent 
of  the  Keeweenawan  of  Lake  Superior,  to  the  Laurentian  gneisses 
and  associated  formations,  and  to  the  Pleistocene  deposits.  These 
confirm  and  extend  the  previous  well-known  determinations  of  Mr.  Tyr- 
rell in  the  region  west  of  Hudson  Bay. 

Dr.  Adams'  discussion  of  the  crystalline  rocks  north  of  Montreal 
shows  notable  progress  in  the  elucidation  of  the  difficult  problems  of 
that  region.  Among  the  most  important  features  are  the  advances 
made  in  the  discrimination  of  original  igneous  gneisses  from  those  of 
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metamorphic  origin  and  the  additional  evidence  of  the  degenerative 
granulation  of  the  crystalline  rocks  as  a  result  of  great  pressure. 

The  report  of  Mr.  Low  on  his  remarkable  explorations  in  the 
Labrador  peninsula  contain  a  vast  amount  of  new  and  important  infor- 
mation respecting  this  heretofore  Urra  incognita.  It  is  impossible  to  sat- 
isfactorily summarize  this.  It  shows  that  besides  vast  areas  of  gneisses 
and  granitoid  rocks  presumably  referable  to  the  Laurentian  series, 
there  are  extensive  belts  of  later  rocks  of  clastic  origin  referable  to  the 
Huronian  and  Cambrian  series  as  interpreted  by  the  Canadian  survey. 
The  rocks  classified  as  Cambrian  comprise  beds  of  arkose  rock,  sand- 
stone, chert,  dolomite,  felsitic  shale,  argillite  and  argillaceous  shale* 
together  with  gabbro,  diabase  and  fine-grained  decomposed  traps  and 
volcanic  conglomerates.  They  appear  to  embrace  those  debatable  beds 
which  are  referred  by  some  of  the  United  States  geologists  to  pre-Cam- 
brian  horizons.  There  is  ground  to  hope  that  this  extended  area  of 
these  formations  will  afford  the  means  for  their  complete  elucidation. 
The  observations  of  Mr.  Low  have  made  it  clear  that  this  great  Labra- 
dorean  area  has  a  complex  geological  structure  and  is  far  from  being 
properly  characterized  as  simply  Laurentian  or  even  Archaean. 

Mr.  Low's  contributions  to  glacial  geology  are  very  important. 
They  show  an  outward  movement  in  all  directions  from  the  center  of 
the  peninsula.  He  locates  the  central  n^v^  ground  (which  is  charac- 
terized by  only  slight  traces  of  glacial  motion)  midway  between  the 
east  and  west  coasts  of  the  peninsula,  and  between  53°  and  55°  latitude. 
Its  southern  boundary  is  in  places  from  150  to  200  miles  north  of  the 
southern  water-shed.  The  report  is  accompanied  by  "  Notes  on  the 
Microscopical  Structure  of  some  of  the  Rocks  of  the  Labrador  Penin- 
sula," by  Mr.  W.  F.  Ferrier. 

The  chemical,  mineralogical  and  statistical  reports  embrace  a  large 
mass  of  valuable  data.  Altogether  the  report  is  one  of  the  most 
important  issued  by  the  survey.  T.  C.  C. 


Iowa  Geological  Sun^ey,  Vol,  VI,  Report  on  Lead,  Zinc,  Artesian 
Wells,  etc.  Samuel  Calvin,  State  Geologist,  A.  G.  Leon- 
ard and  H.  F.  Bain,  Assistant  State  Geologists.  Des 
Moines,  1897. 

This  volume  of  487  pages  embraces  reports  on  the  "Lead  and  Zinc 
Deposits  of  Iowa,"  by  A.  G.  Leonard ;  "The  Sioux  Quartzites  and  Cer- 


REVIEWS  643 

tain  Associated  Rocks,"  by  S.  W.  Beyer ;  "  The  Artesian  Wells  of  Iowa," 
by  W.  H.  Norton,  and  the  "  Relations  of  the  Wisconsin  and  Kansan 
Drift  Sheets  in  Central  Iowa,  and  Related  Phenomena,"  by  H.  Foster 
Bain. 

Mr.  Leonard  describes  the  formations  which  embrace  or  are  con- 
tiguous to  the  lead  and  zinc  deposits,  the  mode  of  occurrence  of  these 
deposits,  the  association  of  the  minerals  and  the  particular  forms  of  the 
ores.  To  these  he  adds  special  descriptions  of  the  mines  and  a  dis- 
cussion of  the  origin  of  the  deposits  and  the  general  methods  of 
working  them.  He  makes  an  important  contribution  to  the  general 
relationship  of  the  ores  in  showing  that  in  the  Dubuque  district  zinc 
occurs  in  the  higher  horizons  of  the  Galena  limestone  associated  with 
the  lead.  This  appears  to  require  a  modification  of  the  generalization 
previously  reached  in  Wisconsin  and  northwestern  Illinois  to  the  effect 
that  the  zinc  usually  occurs  in  lower  horizons  than  the  lead.  The 
additional  data  appear  to  indicate  that  in  their  original  deposition  in 
the  strata  the  zinc  and  lead  were  immediately  associated  with  each  other, 
and  that  their  distribution  in  the  crevices  as  the  result  of  secondary 
action  has  been  dependent  upon  the  conditions  of  precipitation  which 
were  not  uniform  in  all  districts.  Mr.  Leonard  regards  the  Archaean 
rocks  as  the  original  source  of  the  lead  and  zinc,  having  been  derived 
thence  by  surface  decomposition  and  carried  into  the  Silurian  sea,  from 
which  in  turn  they  were  precipitated  along  with  the  gathering  limestone. 
The  precipitating  agency  he  thinks  was  chiefly  organic.  He  discusses 
the  different  theories  of  the  localization  of  the  metallic  deposits,  and 
concludes  that  on  the  whole  Chamberlin*s  theory  of  oceanic  currents 
offers  the  most  plausible  explanation.  He  regards  the  crevices  as 
chiefly  due  to  flexures  of  the  strata  aided  by  solution.  He  holds  to 
the  view  that  the  minerals  were  carried  into  the  crevices  by  lateral 
secretion  from  the  surrounding  limestones. 

The  rocks  which  Mr.  Beyer  finds  associated  with  the  Sioux  quartz- 
ites  embrace  a  series  of  slates  and  some  olivine  diabases.  The  slates 
he  finds  to  conformably  overlie  the  quartzite  and  to  be  somewhat  inter- 
bedded  with  or  graduated  into  the  upper  quartzitic  layers.  He  regards 
the  slates  as  an  upward  extension  of  the  quartzite  formation.  In 
respect  to  the  thickness  of  the  quartzite  formation  he  favors  the  lower 
estimate  of  Todd  (1500  feet)  rather  than  the  higher  estimate  of  Irving 
(3000  to  4000  feet),  but  regards  both  estimates  as  doubtful.  He  con- 
firms the  view  of  Irving  that  the  quartzites  were  formed  from  siliceous 
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sandstones  by  interstitial  growth.  He  favors  the  view  that  the  quartz- 
ites  are  of  early  age,  the  probable  equivalents  of  the  Mankato  and 
Baraboo  quartzites. 

Professor  Norton  introduces  his  discussion  by  a  statement  of  the 
theory  of  artesian  wells  and  their  requisite  conditions.  He  then  describes 
the  conditions  of  the  Iowa  field,  discussing  the  geological  struct- 
ure, the  area  of  supply,  the  reservoir  and  the  conditions  of  transmission. 
This  is  followed  by  a  description  of  the  wells  classified  by  sections. 
Under  the  head  of  chemistry  of  the  waters  he  treats  of  the  mineral 
ingredients,  of  the  interpretation  of  analyses,  and  of  the  classification 
based  on  these;  and  also  of  the  therapeutic,  sanitary,  and  industrial 
qualities  of  the  waters.  He  also  touches  upon  the  questions  of  public 
supply,  of  cost,  of  purity  and  of  practical  matters  relative  to  drilling, 
thus  giving  to  the  report  much  popular  as  well  as  scientific  interest. 

The  paper  of  Mr.  Bain  embraces  a  special  study  of  the  relations  of 
the  two  drift  sheets  found  in  the  vicinity  of  the  capital.  After  a 
careful  statement  of  the  history  of  investigations,  he  describes,  critically, 
the  Des  Moines  lobe  of  the  Wisconsin  drift  as  it  appears  in  Pope,  Dal- 
las, and  Guthrie  counties,  and  follows  this  by  a  similar  critical  discus- 
sion of  the  characteristics  of  the  older  drift  which  underlies  it,  and 
occupies  the  region  lying  to  the  south.  An  important  feature  of  the 
paper  is  the  discussion  of  time  ratios  as  indicated  by  erosive  and  other 
phenomena.  From  the  computation  of  special  cases  selected  as  being 
best  suited  to  the  purpose,  he  reaches  the  conclusion  that  the  time 
ratio  between  the  Wisconsin  and  the  Kansan  ranges  from  i :  lo  to  1:15, 
being  probably  nearer  the  latter  than  the  former. 

The  Iowa  survey  is  to  be  congratulated  upon  the  excellence  of  this 
report.  T.  C.  C. 

Geology  and  Natural  Resources  of  Indiana;  Twenty -first  Annual 
Report.  By  W.  S.  Blatchley,  State  Geologist.  Indian- 
apolis,   1897. 

This  report  of  718  pages  embraces  "An  Introduction"  and  "The 
Natural  Resources  of  Indiana,"  by  W.  S.  Blatchley ;  "  The  Petroleum 
Industry  in  Indiana,"  by  the  same;  "The  Composition  of  Indiana 
Coals,"  by  W.  A.  Noyes ;  "  Some  Notes  on  the  Black  Slate  or  Genessee 
Shale  of  New  Albany,"  by  Hans  Duden  ;  "  The  Indiana  Caves  and  their 
Fauna,"  by  W.  S.  Blatchley  ;  "  A  Report  on  the  Geology  of  the  Middle 
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and  Upper  Silurian  Rocks  of  Clark,  Jefferson,  Ripley,  Jennings  and 
Southern  Decatur  Counties,'*  by  August  F.  Foerste ;  "  The  Bedford 
Oolitic  Limestone  of  Indiana,"  by  T.  C.  Hopkins  and  C.  E.  Sieben- 
thal ;  "The  Report  of  the  State  Natural  Gas  Supervisor,"  by  J.  C. 
Leach;  "The  Report  of  the  State  Inspector  of  Mines,"  by  Robert 
Fisher ;  "  The  Report  of  the  State  Supervisor  of  Oils,"  by  C.  F.  Hall ; 
"  The  Geology  of  Vigo  County,"  by  J.  T.  Scoville  ;  and  "  A  Catalogue  of 
the  Ferns  and  Flowering  Plants  of  Vigo  County,"  by  W.  S.  Blatchley. 

The  paper  of  the  state  geologist  on  the  petroleum  industry  of 
Indiana  treats  of  the  geographical  and  geological  distribution  of 
petroleum,  of  its  origin,  and  the  physical  and  chemical  properties  of 
the  Indiana  petroleum.  He  describes  the  oil  fields  by  counties,  intro- 
ducing local  details.  The  report  closes  with  a  chapter  of  a  practical 
and  economical  character  relating  to  the  choosing  of  a  locality  for 
operating,  the  locating,  drilling,  and  shooting  of  the  wells,  and  their 
cost,  accompanied  by  statistics  with  regard  to  the  Indiana  oil  pro- 
duction. 

Mr.  Noyes  gives  the  results  of  the  twenty-seven  analyses  of  coals, 
with  an  interpretation  of  results  and  a  comparison  of  the  coals. 

The  Notes  on  the  Genessee  Shale  of  New  Albany,  embrace  chemical 
analyses,  a  statement  of  the  previous  experiments  in  utilizing  the  shale, 
and  of  new  methods  proposed  by  Mr.  Duden,  together  with  a  discus- 
sion of  the  source  of  the  bitumen  embraced  in  the  shales.  The  paper 
is  accompanied  by  a  description  of  some  of  the  fossil  plants  discovered. 

The  discussion  of  the  Indiana  caves  by  the  state  geologist 
embraces  descriptions  of  eighteen  caves  located  in  Owen,  Monroe, 
Lawrence,  Washington,  and  Crawford  counties,  accompanied  by  maps 
and  photographic  illustrations.  This  is  supplemented  by  a  description 
of  the  fauna  of  the  caves,  embracing  mammals,  batrachians,  fishes, 
insects,  and  crustaceans,  the  descriptions  being  by  W.  S.  Blatchley,  J. 
M.  Aldrich,  Mary  Murtfeldt,  H.  F.  Wickham,  and  W.  P.  Hay. 

In  his  discussion  of  the  geology  of  the  Middle  and  Upper  Silurian 
rocks  of  the  southeastern  counties  of  Indiana,  Dr.  Foerste  subdivides 
the  formations  for  the  purpose  of  more  exact  and  refined  study,  as 
follows  in  descending  order :  The  Niagara,  into  (1)  the  Louisville 
limestone  or  Utica  lime  rock,  (2)  the  Waldron  shale,  (3)  the  Laurel 
limestone  or  Cliff  rock,  (4)  the  Osgood  or  cystidian  beds,  divided  in 
places  into  {a)  the  Upper  Osgood  clay,  {d)  the  Osgood  limestone,  {c) 
the  Lower  Osgood  Clay.     The  Clinton  group  he  does  not  subdivide. 
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The  Cincinnati  group  he  divides  into  (i)  the  Madison  beds  and  their 
northern  equivalents,  (2)  the  richly  fossiliferous  shales  and  limestones 
below  the  Madison  beds,  (3)  the  Gastropod  or  Marvel  Hill  beds,  and 
(4)  a  great  section  below  not  studied.  The  author  enters  into  detail 
in  the  discussion  of  these  formations  and  their  special  features  in  the 
more  important  localities,  in  the  course  of  which  the  fossil  contents 
receive  special  attention. 

The  discussion  of  the  Bedford  Oolitic  limestone  by  Hopkins  and 
Siebenthal  is  introduced  by  a  discussion  of  the  general  geographical 
and  stratigraphical  features  of  the  formation  and  associated  strata. 
The  body  of  the  report  embraces  a  discussion  of  the  structural  and 
economic  features  of  the  Bedford  limestone,  a  discussion  fully  war- 
ranted by  the  very  extensive  use  of  the  limestone  as  a  building 
material.  The  treatment  covers  the  results  of  both  physical  and 
chemical  tests,  and  embraces  the  determination  of  the  strength  of  the 
rock  in  various  attitudes,  its  elasticity,  absorption,  resistance  to  fire 
and  to  water,  its  workability  and  accessibility.  A  chapter  is  devoted 
to  the  commercial  features  of  the  formation  embracing  the  quarrying, 
handling  of  the  stone,  methods  of  work,  machinery  used,  uses  and 
adaptabilities  of  the  stone,  its  transportation  facilities,  statistics  of  pro- 
duction, etc.,  which  is  followed  by  local  descriptions.  The  discussion 
is  closed  by  a  classification  of  oolitic  limestones. 

The  reports  of  the  supervisors  of  gas,  of  mines,  and  of  oil,  embrace 
statistical  and  economic  matter  of  value  to  those  interested  in  these 
industries. 

Dr.  Scoville's  "Geology  of  Vigo  County"  embraces  the  general 
topography  and  stratigraphy  of  the  region,  the  ancient  channels  which 
cross  the  territory,  but  are  now  buried  by  the  glacial  deposits,  the 
Pleistocene  glacier  of  Vigo  county,  and  the  recent  geology,  embracing 
the  soils  and  archaeology. 

The  report  has  the  same  general  form  as  preceding  annual 
reports,  but  is  more  fully  and  better  illustrated.  1\  C.  C. 


Geological  Survey  of  Alabama,  Eugene  Allen  Smith,  State  Geologist, 
Report  on  the  Valley  Regions.  Part  II,  On  the  Coosa  Valley, 
By  Henry  McCalley,  Assistant  State  Geologist. 

In  this  report  the  physical  features  of  the  Coosa  Valley  Region  are 
classified  into  natural  divisions,  consisting  of  (i)  broad,  flat-topped 
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synclinal  mountains  bounded  by  bluffs ;  (2)  uniform  anticlinal  valleys 
with  sharp,  well  defined  limits ;  (3)  monoclinal  mountains  with  steep 
northwest  sides  and  gentle  southeast  slopes ;  (4)  monoclinal  valleys 
with  ill-defined  and  irregular  northwest  limits ;  (5)  flatwoods ;  (6) 
irregular  valleys  with  jagged  edges ;  and  (7)  chert  hills  and  ridges. 
Each  of  these  subdivisions  is  described  and  illustrated  by  local 
examples.  The  geology  is  introduced  by  brief  reference  to  the 
changes  due  to  denudation,  after  which  the  faults  of  the  region,  to  the 
number  of  sixteen,  are  named  and  described.  A  general  description  of 
the  geological  formations  of  the  region,  ranging  from  the  crystalline 
Talladega  slates  to  the  Lafayette,  follows.  The  minerals,  rocks,  and 
other  substances  of  special  use  and  interest,  are  next  discussed,  and 
this  is  followed  in  turn  by  a  chapter  devoted  to  the  soils,  agricultural 
features,  timber,  water  power,  climate,  health,  and  drainage  of  the 
region.  The  remainder  of  the  report  is  occupied  with  county  details, 
embracing  Etowah,  St.  Clair,  Jefferson,  Tuscaloosa,  Bibb,  Shelby, 
Talladega,  Calhoun,  Cherokee,  Clayborn,  Coosa,  and  Chilton  counties. 
The  report  is  accompanied  by  maps  and  illustrated  by  excellent  half 
tones. 

The  economic  factor  has  a  very  prominent  place  throughout  the 
report,  and  will  doubtless  render  it  very  helpful  in  developing  the 
important  resources  of  the  region.  C. 


First  Report  of  the  Geological  Cornmission  of  the  Colony  of  the  Cape 
of  Good  Hope.     Capetown,  1 896. 

The  Geological  Survey  of  the  Colony  of  the  Cape  of  Good  Hope 
was  recently  organized  by  the  appointment  of  Professor  Corstorphinc 
as  geologist,  and  Arthur  W.  Rogers  and  Ernst  H.  L.  Schwarz  as 
assistant  geologists.  Considering  the  limitations  of  time,  of  means, 
and  of  personnel,  this  first  report  indicates  an  active  prosecution  of 
the  work  entrusted  to  the  commission.  The  report  in  hand  contains 
brief  contributions  on  the  following  subjects :  "  Report  on  the 
Laingsburg  Coal,"  by  Professor  Corstorphine  ;  "  Summary  of  the  Work 
done  in  the  Southwestern  Districts,"  by  Rogers;  "Survey  of  the  Beau- 
fort West  District,"  by  Schwarz  ;  "  Summary  of  the  Work  done  in  the 
Tulbagh  Area  and  Worcester  District,"  by  Schwarz ;  **  Report  of  the 
Subcommittee  on  Deep  Artesian  Well  Borings,"  by  Stewart,  Corstor- 
phine, and  Saunders  ;  "  Report  of  a  Preliminary  Geological  Survey  of 
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the  Oudtshoorn  and  Prince  Albert  Districts  made  with  a  view  to  the 
Selection  of  a  Site  for  a  deep  Borehole  for  Artesian  Waters,"  by 
Corstorphine,  and  "  The  Cango  Cave,**  by  the  same.  Geologists  will 
wish  this  new  survey  in  a  far-off  land  all  possible  success.  C. 


North  Carolina  and  Its  Resources,  Issued  by  the  State  Board  of 
Agriculture,  Raleigh,  1896. 

This  is  a  general  work  intended  to  set  forth  the  natural  and  cultural 
interests  of  the  state.  The  subjects  of  geological  interest  are  the 
topographic  sketches  illustrated  by  half  tones,  the  climatic  statistics,  a 
geological  map,  a  list  of  native  minerals,  a  sketch  of  the  gold,  silver, 
copper,  iron,  corundum,  mica,  talc,  monazite,  marl,  phosphate,  coal, 
graphite,  kaolin,  and  clay  industries,  and  of  the  gems  and  gem  stones 
of  the  state.  The  building  stones  ^nd  road  material  are  also  briefly 
treated.  The  work  is  well  illustrated  with  excellent  half  tones,  and  is  a 
very  creditable  book.  C. 

Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences,  Vol.  IV,  No. 
I,  Part  I.  Proceedings  and  Accompanying  Papers  i8g2  to 
i8g4.     By  C.  W.  Hall,  Editor.     Minneapolis,  1896. 

The  papers  of  geological  interest  are:  "Notes  on  the  Alpine 
Characteristics  of  the  Minnesota  Flora  of  the  Coteau  des  Prairies," 
by  E.  P.  Sheldon;  "The  St.  Peter's  Sandstone,"  embracing  descrip- 
tions of  its  fauna,  including  fourteen  genera  and  twenty-eight  species, 
and  a  discussion  of  its  origin  and  correlation,  by  F.  W.  Sardeson  ; 
and  "The  Fauna  of  the  Magnesian  Series  with  Descriptions  of  its 
Fossils,"  by  F.  W.  Sardeson.  The  large  additions  to  the  fauna  of  the 
Magnesian  and  St.  Peter's  horizons  gives  special  value  to  these  two 
papers.  C. 


Proceedings  of  the  Iowa  Academy  of  Sciences  for  i8g6.     Vol.  IV, 
Des  Moines,  1897. 

The  volume  contains  a  portrait  of  the  late  Charles  Wachsmuth, 
accompanied  by  a  memorial  by  Dr.  Charles  R.  Keyes.  The  papers  of 
geological  interest  are  "The  State  Quarry  Limestone,"  by  Samuel 
Calvin ;  "  Stages  of  the  Des  Moines,  or  Chief  Coal-Bearing  Series  of 
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Kansas  and  Southwest  Missouri  and  their  Equivalents  in  Iowa,"  by 
Charles  R.  Keyes  ;  "  The  Vertical  Range  of  Fossils  at  Louisiana," 
embracing  an  extended  table,  by  Charles  R.  Keyes  and  R.  R.  Rowley ; 
"  Natural  Gas  in  the  Drift  of  Iowa,"  by  A.  G.  Leonard ;  "  The  Results 
of  Recent  Geological  Work  in  Madison  County,"  by  J.  L.  Tilton ; 
"The  Drift  Section  at  Oelwein,"  by  Grant  E.  Finch;  "Evidence  of 
a  Sub-Aftonian  Till  Sheet  in  Northeastern  Iowa,"  illustrated  by  a 
section  and  three  full  page  half  tones,  by  S.  W.  Beyer;  "A  Pre-Kansan 
Peat  Bed,"  by  T.  H.  MacBride  ;  "  A  Summary  of  the  Discussion  of  the 
Preceding  Papers  on  the  Oelwein  Section,"  by  Professor  S.  Calvin  ; 
and  "  Additional  Observations  on  Surface  Deposits  in  Iowa,"  by  B. 
Shimek.     The  remaining  papers  are  chiefly  biological. 


Proceedings  of  the  Davenport  Academy  of  Natural  Sciences,  Vol.  VI, 
1889  to  1897.     Davenport,  1897. 

In  this  volume  of  400  pages  the  archaeological  contributions  very 
notably  predominate.  Some  of  these,  however,  possess  geological 
interest  from  their  connection  with  recent  deposits.  The  dignity  of 
the  volume  and  of  the  society  is  lowered  by  an  endorsement  of  the 
ridiculous  claims  of  Captain  Glazier,  which  are  unworthy  of  serious 
consideration. 


Stone  Implements  of  the  Potomac- Chesapeake   Tidewater  Province. 
By  William   H.  Holmes.     From  Fiftee?ith  Annual  Report  of 
the  Bureau   of  Ethnology.     J.  W.  Powell,  Director.     Wash- 
ington, D.  C,  1897. 

This  paper,  though  primarily  archaeological,  possesses  much  geo- 
logical interest  because  of  its  bearing  upon  anthropic  geology.  It 
consists  of  an  elaborate  discussion  of  the  manufacturing  of  flaked 
stone  implements  and  of  the  ancient  quarry  workshops  of  the  District 
of  Columbia,  in  which  this  manufacture  was  extensively  carried  on. 
The  geological  relations  of  these  quarries  and  of  the  terranes  in  which 
,  they  occur  are  accurately  and  fully  set  forth  by  sections,  photographs, 
and  sketches  of  the  clearest  possible  type.  The  various  stages  of 
manufacture  are  fully  elucidated  by  drawings  and  photographs,  so 
that  every  feature  of  the  process  is  most  completely  and  convincingly 
elucidated.   The  conclusions  reached  by  Professor  Holmes  are  already 
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familiar  to  the  readers  of  this  magazine.  The  results  of  his  pro- 
longed investigations  are  here  brought  together,  summed  up  and 
illustrated  with  a  beauty  and  force  which  make  the  paper  a  monu- 
mental contribution  to  archaeology  and  anthropic  geology.  C. 


Glacial  Observations  in  the  Umanak  District^  Greenlatid,  By  Pro- 
fessor George  H.  Barton.  Report  B  of  the  Scietitific  Work 
of  the  Boston  Party  on  the  Sixth  Peary  Expedition  to  Greenland, 

The  paper  embraces  the  observations  made  by  Professor  Barton  on 
the  border  of  the  inland  ice  in  the  vicinity  of  Umanak  fiord  and  upon 
the  large  Karajak,  Itivdliarsuk  and  several  small  valley  glaciers.  Mr. 
Barton  found  the  border  of  the  ice  usually  nearly  vertical  to  the 
height  of  ten  to  forty  feet.  The  surface  in  the  vicinity  of  the  margin 
was  covered  with  dust  holes  ranging  in  diameter  from  a  fraction  of  an 
inch  up  to  at  least  three  feet,  with  an  average  depth  of  about  two  feet. 
Except  the  dust  found  in  these  holes  no  detritus  occurs  on  the  sur- 
face of  the  inland  ice.  The  largest  surface  stream  found  flowed  in  a 
channel  having  a  width  of  twenty  feet  with  a  depth  of  fifteen  feet  to 
the  surface  of  the  water  which  was  about  five  feet  in  depth.  At  the 
point  observed  this  river  was  flowing  directly  toward  the  interior  with 
a  velocity  of  three  or  four  miles  an  hour.  The  average  gradient  of 
the  surface  measured  on  the  Karajak  glacier  was  found  to  be  i  in  52. 
Professor  Barton  observed  that  the  overhanging  marginal  faces  were  in 
many  cases  apparently  due  to  a  shearing  motion  of  the  upper  layers  over 
the  lower.  "This  was  indicated  quite  strongly  in  one  instance,  where 
a  layer  projecting  slightly  beyond  the  ones  above  had  caught  a  little 
detritus  as  it  rolled  down.  This  same  ledge  continued  from  the 
slightly  inclined  face  along  a  portion  of  the  overhanging  face,  and 
here  still  the  detritus  remained  which  had  been  caught  in  its  descent 
before  the  shearing  motion  had  changed  this  part  of  the  face  to  an 
overhanging  one.  A  cavern  presented  a  chance  for  a  study  of  the 
material  forming  the  layer  upon  which  the  detritus  had  lodged,  and 
also  for  several  feet  above,  showing  them  to  be  free  from  detritus  and 
consequently  that  the  detritus  could  only  have  come  from  the  upper 
surface  and  caught  upon  the  shelf,  while  the  face  was  inclined,  and 
that  its  present  overhanging  form  was  due  to  the  shearing  motion  in 
the  upper  portion  of  the  ice" — a  very  important  observation. 

Professor  Barton  gives  interesting  illustrations  of  the  hold  of  the 
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ice  upon  bowlders,  and  of  its  methods  of  behavior  in  passing  over 
projecting  knobs  of  rock.  He  also  gives  an  instructive  diagram  of 
the  method  of  discharge  of  the  ice  foot  where  it  protrudes  into  the 
water.  Professor  Barton  believes  that  the  ice  **once  extended  over 
all  this  portion  of  Greenland,  passing  out  beyond  the  farthest  limits 
of  the  present  coast  line  into  the  open  waters  of  Baffin's  Bay."  He 
is  not  altogether  fortunate  in  his  suggestions  with  reference  to  Dal- 
rymple  Rock,  a  figure  of  which  he  introduces  for  comparison,  with  the 
suggestion  that  it  "  presents  a  marked  stoss  and  lee  side,  apparently 
in  their  appropriate  positions  as  related  to  the  mainland  topography 
seen  in  the  distance."  The  apparent  stoss  side  faces  Baffin's  Bay  and 
not  the  inland  ice.  There  is  a  radical  difference  between  Dalrymple 
Rock  and  the  peaks  of  Ikerasak  and  of  Umanak  Island,  with  which  it 
is  put  in  comparison,  in  the  fact  that  the  pedestals  of  the  two  latter 
are  distinctly  glaciated,  showing  that  they  have  been  typical  nunataks, 
while  the  base  of  Dalrymple  Rock  shows  no  signs  of  glaciation  and 
belongs  in  an  entirely  different  category. 

The  paper  is  admirably  illustrated  with  half  tone  photographs. 

T.  C.  C. 


Seventeetith  Annual  Report  of  the  United  States  Geological  Survey 
Part  I,  Director's  Report  and  other  papers;  Part  II,  Eco- 
nomic    Geology    and     Hydrography;     Part     III,     Mineral 
Resources  of   the    United  States.     Charles  D.  Walcott, 
Director,  Washington,  D.  C.,  1896. 

This  volumnious  report  embracing  three  thousand  pages  of  matter 
which  has  just  come  to  hand  can  only  be  briefly  noticed  here.  It  is 
hoped  that  special  reviews  of  its  important  papers  may  be  given  here- 
after. The  report  opens  with  the  usual  statement  of  the  operations  of 
the  survey  by  the  Director.  It  includes  the  work  done  in  the  years 
1895-6  by  the  nearly  forty  parties  in  geology  and  palaeontology,  by 
the  divisions  of  chemistry  and  hydrography,  by  the  statisticians,  and  by 
the  topographic  and  publication  branches.  This  is  followed  in  Part  I 
by  papers  on  "The  Magnetic  Declination  in  the  United  States,"  by 
Henry  Gannett ;  "A  Geological  Reconnaissance  in  Northwestern  Ore- 
gon," by  J.  S.  Diller;  "Further  Contributions  to  the  Geology  of  the 
Sierra  Nevada,"  by  H.W.  Turner  ;  "A  Report  on  the  Coal  and  Lignite  of 
Alaska,"  by  W.  H.  Dall ;  "  The  Uintaite  (Gilsonite)  Deposits  of  Utah," 
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by  G.  H.  Eldridge;  "The  Glacial  Brick  Clays  of  Rhode  Island  and  South- 
eastern Massachusetts,"  by  N.  S.  Shaler,  J.  B.  Woodworth  and  C.  F. 
Marbut ;  and  "  The  Faunal  Relations  of  the  Eocene  and  Upper  Cre- 
taceous on  the  Pacific  Coast,"  by  T.  W.  Stanton. 

Part  II  embraces  "  The  Gold-Quartz  Veins  of  Nevada  City  and  Grass 
Valley,  California,"  by  Waldemar  Lindgren  ;  "  The  Geology  of  Silver 
Cliff  and  the  Rosita  Hills,  Colorado,"  by  Whitman  Cross;  "  The  Mines 
of  Custer  County,  Colorado,"  by  S.  F.  Emmons  ;  "A  Geological  Section 
Along  the  New  and  Kanawha  Rivers  in  West  Virginia,"  by  M.  R.  Camp- 
bell and  W.  C.  Mendenhall ;  **  The  Tennessee  Phosphates,"  by  C.  W. 
Hayes  ;  "  The  Underground  Water  in  the  Arkansas  Valley  in  Eastern 
Colorado,"  by  G.  K.  Gilbert ;  "  A  Preliminary  Report  on  the  Artesian 
Waters  of  a  Portion  of  the  Dakotas,"  by  N.  H.  Darton  ;  and  "  The 
Water  Resources  of  Illinois,"  by  Frank  Leverett,  accompanied  by  an 
account  of  the  "  Palaeozoic  Rocks  Explored  by  Deep  Borings  at  Rock 
Island,  111.,"  by  J.  A.  Udden. 

Part  III  embraces  the  "Report  on  the  Mineral  Resources  of  the 
United  States  for  1895,"  by  Dr.  David  T.  Day  and  associates.  This 
includes  reports  on  The  Iron  Ores,  by  John  Birkinbine  ;  on  The 
Present  Condition  of  the  Iron  and  Steel  Industries  of  the  United 
States,  by  James  M.  Swank  ;  on  Copper,  Lead  and  Zinc,  by  Charles 
Kirchoff ;  on  Chromic  Iron,  by  WMUiam  Glenn ;  on  Antimony,  Coal, 
Asphaltum,  Soapstone,  Abrasive  Materials,  Sulphur  and  Pyrites,  Gyp- 
sum, Salt,  Asbestos.  Mineral  Paints  and  Barytes,  by  Edward  W. 
Parker  ;  on  Manganese,  Coke,  Petroleum  and  Natural  Gas,  by  Joseph 
D.  Weeks ;  on  Stone,  by  William  C.  Day ;  on  Clay,  by  Jefferson  Mid- 
dleton  ;  on  Pottery,  by  Heinrich  Reis ;  on  Portland  Cement,  by 
Spencer  B.  Newberry  ;  on  American  Rock  Cement,  by  Uriah  Cum- 
mings  ;  on  Precious  Stones,  by  George  F.  Kunz;  on  Mineral  Waters, 
by  Alfred  C.  Peale  ;  and  on  Gold,  Quicksilver,  Tin,  Aluminium,  Nickel, 
Cobalt,  Platinum,  Phosphate  Rock,  Fluorspar,  Chryolite,  Mica  and 
Graphite,  by  the  chief  of  the  division. 

Altogether  the  list  of  papers  is  one  of  unusual  range  and  impor- 
tance. C. 
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A  GROUP  OF  HYPOTHESES    BEARING  ON  CLIMATIC 

CHANGES.' 

While  the  atmosphere  is  the  most  active  of  all  geological 
agencies,  it  has  received  the  least  careful  study  from  geologists. 
Its  very  activity  destroys  its  relics  almost  as  soon  as  formed 
and  gives  them  peculiar  evanescence.  This  has  invited  the 
neglect  of  geologists  laudably  prone  to  concentrate  their 
attention  upon  agencies  which  have  left  enduring  and  unequivo- 
cal records.  The  atmospheric  element  in  geological  history  bids 
fair  to  long  remain  obscured  by  elusive  factors  and  uncertain 
interpretations.  None  the  less  it  is  an  element  of  supreme 
imj)ortancc  and  should  be  persistently  attacked  until  it  yields  up 
its  truths.  This  must  be  my  excuse  for  offering  a  paper  which, 
I  am  j)ainfully  aware,  is  very  speculative  in  many  of  its  parts. 

All  our  attempts  at  the  solution  of  climatic  problems  pro- 
ceed on  some  conscious  or  unconscious  assumption  concerning 
the  extent  and  nature  of  the  atmosphere  at  the  stage  involved. 
These  assumptions  are  too  often  unconscious  and  the  conclusions 
reached  command  a  confidence  which  might  not  be  rej^osed  in 
them  if  the  underlying  assumptions  were  frankly  stated.  It  may 
not  be  unwholesome,  therefore,  to  raise  some  radical  doubts 
respecting  current  assumptions  regarding  the  early  stages  of  the 

*  Read  before  the  Hritish  Association  for  the  Advancement  of  Science  at  Toronto, 
August  20,  1S97.  For  obvious  reasons  it  was  necessary  to  treat  the  many  factors 
involved  with  extreme  brevitv  an(i  hence  with  some  ohscuritv  and  much  lack  of  ade- 
(juatc  fjualitication.  I  have  taken  the  liberty  of  adding  some  tables  and  other  matter 
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atmosphere  and  to  offer  for  trial  a  competitive  hypothesis  or 
group. of  hypotheses.  To  admit  a  competitive  hypothesis  to  the 
working  list  is  a  concrete  form  of  embodying  a  doubt  respect- 
ing existing  hypotheses  and  serves  better  than  any  abstract 
skepticism  to  keep  alive  the  sources  of  doubt.  I  assume  that 
the  system  of  multiple  working  hypotheses  is  accepted  as 
.  furnishing  the  most  wholesome  conditions  for  research,  and  that 
any  additional  hypothesis  not  in  itself  incredible  will  be  wel- 
comed. 

If  we  compute  the  mass  of  the  several  constituents  of  the 
present  atmosphere,  and  estimate  the  rate  at  which  they  are 
being  consumed  in  alterations  of  the  superficial  rocks,  we  find 
that  the  carbon  dioxide  will  last  but  a  short  period  unless  there  be 
some  source  of  supply.  A  group  of  careful  estimates  by  different 
methods  gives  results  ranging  from  five  thousand  to  eighteen 
thousand  years'  w-ith  a  w^eighted  mean  of  about  ten  thousand 
years.  Only  the  alteration  of  the  crystalline  terranes  was 
admitted  to  the  computations.  The  estimates  assumed  the 
degradation  rates  of  current  geological  opinion.  Granting  these 
maybe  too  high,  and  multiplying  the  results  accordingly,  it  still 
appears  that  we  are  confronted  by  the  early  exhaustion  of  a  vital 
factor  of  the  atmosphere,  if  there  be  no  compensating  source  of 
supply. 

There  is,  however,  an  immediate  source  of  compensation. 
The  ocean  is  an  atmosphere  in  storage.     It  is  not  improbable 

and  of  slightly  extending  and  modifying  the  treatment  on  some  points,  but  it  still 
remains  merely  synoptic.  The  treatment  of  the  periodicity  of  Pleistocene  atmospheric 
changes  is  especially  incomplete,  but  this  is  only  a  particular  case  under  a  general 
hypothesis  whose  value  does  not  necessarily  hang  upon  this  individual  application. 

I  desire  to  add  that  most  of  the  questions  involved  in  the  paper  have  been  dis- 
cussed with  scientific  friends  and  with  the  advanced  graduate  students  of  my  classes 
during  the  past  two  years,  and  that  I  have  received  from  them  much  valuable  aid. 
Computations  and  (|uantitative  estimates  have  been  made  by  Y,  R.  Moulton,  H.  L. 
Clarke,  A.  W.  Whitney,  J.  P.  Goode,  H.  F.  Uain,  Samuel  Weidman,  C.  F.  Tolman,  Jr., 
N.  M.  Fenneman,  and  C.  E.  Siebenthal.  which  I  desire  to  gratefully  acknowledge. 
The  main  points  of  the  paper  were  presented  to  the  Geological  Club  of  the  University 
of  Chicago,  (.)ctober  1896. 

'  Made  by  A.  \V.  Whitney,  H.  Foster  Bain,  J.  P.  Goode,  Samuel  Weidman,  C.  F. 
Tolman,  Jr.,  and  the  writer. 
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that  every  portion  of  it  has  once  been  a  constituent  of  the 
atmosphere  and  may  be  again.  In  atmospheric  studies  it  must 
be  recognized  as  a  potential  atmosphere.  According  to  the  best 
data  at  command,  the  ocean  holds  in  solution  about  eighteen 
times  as  much  carbon  dioxide  as  the  atmosphere.  But  even  this 
reserve  supply  if  fully  available  leaves  the  perpetuity  of  atmos- 
pheric conditions  congenial  to  life  very  short,  viewed  geologically. 
This  threat  of  disaster  is  not,  however,  a  scientific  argument, 
whatever  function  it  may  have  in  awakening  interest  and  neutral- 
izing inherited  prejudice. 

A  broad  comparison  between  the  atmosphere  of  Palaeozoic 
times  and  that  of  Cenozoic  times  fails,  I  think,  to  give  proof  of 
any  radical  difference  in  the  constitution  of  the  two  atmospheres. 
The  magnolia  flora  in  North  Greenland  in  Tertiary  times  indi- 
cates a  scarcely  less  wide  distribution  of  warm  climate  than  the 
life  of  the  same  region  in  Palaeozoic  times.  Glaciation  in  northern 
Norway  announced  by  Reusch  and  confirmed  by  Strahan,  in 
times  apparently  just  preceding  the  Palaeozoic  era,  is  as  sugges- 
tive of  atmospheric  poverty  as  anything  that  introduces  the  Cen- 
ozoic times.  The  signs  of  glaciation  at  the  close  of  the  Palaeo- 
zoic era  in  India,  Australia,  and  South  Africa,  reaching  within  20** 
of  the  equator,  indicate  a  thermal  depression  even  more  mar- 
velous than  that  which  closed  the  Cenozoic  era.  The  salt 
deposits  of  the  middle  latitudes  in  Palaeozoic  times,  notably 
those  of  Michigan  and  New  York,  in  areas  where  the  great 
basins  now  overflow  voluminously,  seem  to  imply  an  aridity  quite 
comparable  to  anything  which  has  succeeded.  The  extensive 
terranes  of  hematite-stained  rocks,  contrasted  with  the  limonite- 
stained  terranes,  while  their  interpretation  is  more  problematic, 
make  suggestions  of  concurrent  import. 

A  comparison  of  early  with  later  life,  stripped  of  theoretical 
presumptions,  docs  not  seem  to  mc  clearly  to  imply  any  great 
difference  in  the  content  of  carbon  dioxide.  Air-breathing 
life,  to  be  sure,  has  left  no  certain  record  earlier  than  the  middle 
Palaeozoic,  but  these  earliest  forms  afford  no  clear  proof  that 
they  were  determined  by  non-susceptibility  to  an  excess  of  carbon 
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dioxide.  The  delay  in  the  appearance  of  land  life  is  sufficiently 
assignable  to  the  obstacles  to  its  evolution  to  make  needless  a 
theoretical  appeal  to  a  noxious  condition  of  the  atmosphere. 

But  if  we  compute  the  amount  of  carbon  which  has  been 
extracted  from  the  atmosphere  in  the  production  of  the  carbon- 
ates and  the  carbonaceous  deposits,  and  restore  this  to  the 
atmosphere,  following  a  time-honored  custom,  we  are  led  to  the 
time-honored  conception  of  an  exceedingly  extensive,  dense, 
warm  and  moist  atmosphere.  The  amount  of  carbon  dioxide 
re[)resented  by  the  limestones  and  carbonaceous  deposits  has 
been  variously  estimated  at  twelve  thousand  to  one  hundred  and 
fifty  thousand  times  the  present  content  of  the  atmosphere.  My 
own  estimates  lead  me  to  favor  figures  lying  between  twenty 
thousand  and  thirty  thousand.  These  estimates  do  not  go  back  of 
the  Paliiiozoic  series  and  leave  an  unknown  factor  to  be  added  for 
the  pre- Cambrian  limestones  and  carbonaceous  deposits.  The 
amount  of  carbon  extracted  from  the  atmosphere  since  the 
introduction  of  air-breathing  life  is  probably  not  less  than  8000 
or  10,000  times  the  amount  now  in  the  air.  This  forces  the 
question  whether  this  large  amount  of  carbon  dioxide  or  any 
major  part  of  it  was  ever  in  the  atmosphere  at  any  one  time. 

The  alternative  is  to  assume  that  the  atmosphere  was  origi- 
nally less  ample  and  has  been  fed  as  well  as  robbed  during  all 
the  geological  ages,  its  history  being  a  struggle  between  enrich- 
ment and  depletion.  In  some  measure  this  is  an  accepted  view, 
but  it  is  pirt  of  the  purpose  of  this  paper  to  show  that  the  way 
is  open  to  freer  hypothesis  in  this  direction. 

The  current  view  of  a  vast  original  atmosphere  is  derived 
less  perhaps  from  the  computation  of  material  extracted  from  it 
than  from  theoretical  views  regarding  the  origin  and  early  history 
of  the  earth.  There  has  been  quite  general  assent  to  the  nebu- 
lar theory  of  the  origin  of  the  earth.  Even  where  dissent  from 
the  gaseous  features  of  this  theory  has  been  entertained  there 
has  been  acquiescence  in  the  doctrine  of  the  earth's  early  molten 
condition  and  all  that  it  implies.  If  the  earth  were  in  a  thor- 
oughly molten  condition,  there  would  seem  at  first  thought  but 
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scant  ground  for  any  dissent  from  the  inference  that  the  present 
hydrosphere  was  then  mainly  a  part  of  the  atmosphere.  It  does 
not  rigorously  follow,  however,  that  this  was  so.  Hypothesis  may 
go  so  far  as  to  attribute  much  of  the  subsequent  ocean  and 
atmosphere  to  vapors  thrown  out  of  the  molten  magma  as  it 
cooled  and  to  vapors  gathered  from  space  since.  But  I  venture 
to  (juestion  the  supposed  original  molten  stale.  While  making 
no  claim  to  disprove  it,  I  doubt  whether  it  rests  on  sufficiently 
solid  theoretical  grounds  to  justify  the  assumptions  so  unhesita- 
tingly built  upon  it.  There  is  still  some  ground  to  doubt  the 
nebular  hy[)othesis  and  to  entertain  some  of  the  various  phases 
of  the  meteoroidal  hypotheses.  The  nebular  hypothesis  corre- 
lates a  wonderful  array  of  remarkable  facts  and  has  gained  a 
profound  hold  upon  the  convictions  of  the  scientific  world,  yet 
some  of  its  great  pillars  of  support  have  recently  weakened  or 
have  fallen  away  entirely.  Of  the  5000  known  nebulas  to  which 
we  naturally  look  for  analogy  very  lew,  if  indeed  any,  strictly 
interpreted,  exemplify  in  a  clear  and  decisive  manner  the  sys- 
tematic annular  evolution  postulated  by  Laplace.  The  pho- 
tographs of  the  nebula  of  Andromeda,  that  were  hailed  with  such 
delight  on  their  first  appearance  as  exemplifying  the  Laplacean 
hypothesis,  appear  upon  more  critical  study  to  supj)ort  it  only  in 
vague  and  general  terms,  if  indeed  they  lend  it  suj)port  at  all. 
The  Saturnian  rings,  the  trite  source  of  illustration  and  analc^y, 
prove  under  the  test  of  the  sj)ectroscope  to  be  formed  of  discrete 
solid  [)articlcs,  and  not  of  gas,  and  the  investigations  of  Roche 
have  put  a  new  phase  on  their  theory.  While  in  their  form  they 
tally  with  the  annular  hypothesis  they  do  not  support  its  gas- 
eous phase,  if  indeed  they  lend  it  any  support  at  all.  l^ut  our 
chief  interest  is  not  in  the  general  theory,  but  in  the  sj)ecial 
inferences  drawn  from  it  respecting  the  early  stages  of  the  earth. 
Let  us  assume  the  [)()ssil)le  or,  if  you  please,  probable  truthful- 
ness of  the  nebular  hvpothesis  so  far  as  the  separation  of  an  earth- 
moon  ring  from  the  shrinking  sun  is  concerned.  Do  the  subse- 
(]uent  steps  commonly  postulated  logically  follow  ? 

The   vast   radiating   surface   of   such    a  ring,   its    attenuated 
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nature  and  the  extremely  high  temperature  necessary  to  main- 
tain its  refractory  substances  in  a  volatile  condition  combine  to 
suggest  its  speedy  passage  from  the  vaporous  to  the  Saturnian 
or  discrete  solid  condition  from  loss  of  heat.  It  seems  a  severe 
tax  upon  probabilities  to  suppose  that  such  a  ring  would  remain 
in  the  gaseous  condition  during  the  lon^  period  of  its  aggrega- 
tion into  a  spheroidal  form. 

But  a  graver  source  of  doubt  is  found  in  the  high  molecular 
velocities  of  the  gases  under  these  conditions.  Dr.  Johnstone 
Stoney '  and  others  have  attempted  to  show  that  the  attractive 
power  of  small  planets  is  insufficient  to  control  gases  of  the 
higher  molecular  velocities,  especially  acjucous  vapor.  To  this 
is  attributed  the  measurable  absence  of  atmospheres  on  the 
satellites  and  small  planets.  An  endeavor  to  applv  a  similar 
line  of  reasoninii^  to  the  conditions  of  the  earlv  earth  leads  to 
such  discjuieting  results  that  I  may  be  justified  in  briefly  sketch- 
ing it. 

Each  celestial  body  has  an  attractive  power  sufficient  to  con- 
trol molecules  shot  awav  from  it  at  velocities  below  a  certain 
limit.  At  these  velocities  the  discharged  molecules  pursue  ellip- 
tical paths  and  return  to  the  starting  point.  At  the  limit  of 
these  velocities  thev  pursue  parabolic  courses  and  never  return. 
Hence  arises  the  expression  **  parabolic  velocitv  "  to  indicate  the 
limital  speed  at  which  particles  shot  away  from  the  body  will 
not  return.  The  parabolic  velocity  of  the  earth  at  its  surface  is 
about  6.9  miles  (1118127*^"')  j)cr  second.  A  molecule  discharged 
from  it  at  that  s[)eed  or  a  greater  one  will  not  return  to  it.  The 
parabolic  velocity  is  but  an  e.xpression   of  effective  gravity  and 

*  "On  the  Cause  of  the  Absence  of  Hydroijen  from  the  Earth's  .Aln^^sphere  and 

of  .Air  and  Water  from  the  M»»on."     Rnval    I>ublin   Society.    1S02.     Since  this   paper 

was  put  in  type  1  have  been  permitted  tt>  see  .in  advanced  copy  of  Pr.  Stoncy's  later 

paper.  "Of  .\lmo>pheres  upon  Planets  and  Satellites,"   Trans.  Royal  Dublin  Society, 

I  Vol.  VI,  Part  13.  Oct.  25.  iSg7.  in  which  the  author's  investiirations  are  much  more 

fullv  set  f<«rth  and  his  conclusions  greatly  strengthened.  He  takes  account  of  the 
rolarv  speed  kA  the  outer  equatorial  /one  and  y>i  westerly  winds  as  projectile  aids, 
factors  which  are  nekilccted  in  this  discussion.  He  also  bases  a  very  strong  argument 
on  the  absence  of  helium  from  the  present  atmosphere,  which  ».'n  acc«.»unt  of  its  chem- 
ical inertness  would  accumulate  if  it  were  n<<t  discharged. 
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depends  not  only  upon  the  amount  of  the  material  embraced  in 
the  body,  but  on  its  distribution  and  other  conditions.  The 
parabolic  velocity  declines  with  height,  as  shown  in  the  follow- 
ing table  prepared  for  me  by  Mr.  F.  R.  Moulton.' 

I. 

TABLE    OF    THE    EARTH*S    PARABOLIC    VELOCITIES    (v^') 
FOR  VARIOUS    HEIGHTS  ABOVE  ITS  CENTER   (x)    THE  EFFECTS  OF 

ROTATION    BEING    NEGLECTED.* 
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2g  =  64.32  ft.  =  19.604  meters. 
^  =  6,377,377  meters. 


Log.  r^  =  13.6092842. 
Log.  V   igr^  =7.4508144. 


The  parabolic  velocity  is  also  reduced  by  the  centrifugal  com- 
ponent of  rotation.  The  effect  of  this  is  shown  in  the  following 
tables  computed  by  Mr.  Moulton : 

'  Assistant  in  Astronomy  at  the  University  of  Chicago. 
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II. 

TABLE  OF  PARABOLIC  VELOCITIES  OF  THE  EARTH    (v^) 

FOR  VARIOUS  HEIGHTS  ABOVE   ITS    CENTER     (x)    WHEN    THE    PERIOD 

OF  ROTATION  IS  23   HOURS,   56.O67  MINUTES.* 
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III. 

TABLE  OF  PARABOLIC  VELOCITIES  OF  THE  EARTH  (v^)  FOR  VARIOUS 
HEIGHTS  ABOVE  ITS  CENTER  WHEN  THE  ROTATION  PERIOD  IS 
I  HOUR,  24  .MINUTES,  AT  WHICH  THE  CENTRIFUGAL  COMPONENT 
OF  ROTATION  EQUALS  THE  ACCELERATION  OF  GRAVITY  AT  THE 
EQUATORIAL  SURFACE.* 
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III — continued. 
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The  molecular  velocities  vary  with  temperature.  The  fol- 
lowing tabic  computed  for  me  by  Mr.  A.  W.  Whitney  exhibits 
these  velocities  for  temperatures  ranging  from  zero  to  4000°  C: 

IV. 

TABLE  OF  AVERAGE   MOLECULAR  VELOCITIES  FOR  VARYING  TEMPERA- 
TURES, IN  CENTIMETERS  PER  SECOND,  STANDARD  PRESSURE. 

o                   100  1000'  1250"               I5<x)*  2000              3000*              4000* 

198257  367258  400428  432243  489410  587282  671029 

66067  122054  I335OI  144042  163093  195707  223619 

38876  71819  78556         84759  95965  II5160  I31580 

45768  84551  92482         99786  112983  135576  154907 

48784  90122  98574  106359  120425  144508  165II5 

The  molecules  of  a  gas  of  a  given  temperature  have  a  mean 
velocity,  but  this  does  not  express  the  actual  velocity  of  the 
individual  molecules.  By  their  interaction  upon  one  another  the 
velocities  of  some  are  depressed,  the  limit  being  zero,  and  the 
velocities    of    others    are    increased,    the    limit    being    infinity. 


H, 

16961 I 

H2O 

56522 

CO2 

33259 

O2 

39155 

N2 

41735 
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Theoretically  both  these  limits  may  be  reached,  but  extremely 
high  velocities  arc  acquired  at  such  distant  intervals  as  to  be 
negligible.  Very  considerable  exaltations  of  velocity  are  how- 
ever attained  with  sufficient  frequency  to  be  effective  in  dis- 
charging a  large  part  of  the  gas  under  suitable  conditions,  since 
each  molecule  in  succession  is  liable  to  acquire  a  high  velocity. 
The  following  table  shows  the  proportion  of  molecules  that 
reach  or  exceed  the  designated  multiples  of  the  average  velocity 
at  anv  instant :' 

V. 

T.\BLE  SHOWING  THE  PKOPOKTIO.N  OF  .MOLECULES  WHICH  HAVE  A 
GIVEN  NUMBER  OF  TIMES  THE  AVERAGE  o'c.  VELOCITY  (OR 
more)  at  ANV  INSTANT,  STANDARD  PRESSURE,  FOR  TEMPERA- 
TURES RANGING  FROM  O    C.  TO  4000'C. 


Proportion  of 
Molecules 

Times  Average  0 

C.  Velocit\' 

for  different  Temperatures 
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t  —  3000  c. 

t  — 4000  c. 
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The  molecules  of  water  vapor  at  o^  C.  have  an  average 
velocity  of   56522^*"  per  sec.     The    foregoing   table   shows   the 

'This  table  was  computed  by  means  of  the  formula^  given  by  Risteen  ("Molecules 
and  the  Molecular  Theory  of  Matter,"  pp.  24-28).  which  are  based  on  Maxwell's 
determinations.  The  high  velocities  assigned  to  a  part  of  the  molecules  are  mathe- 
matical deductions  from  data  not  altogether  perfect,  and  are  doubtless  to  be  held 
with  something  less  of  firmness  than  would  be  warranted  if  they  were  experimental 
demonstrations,  but  in  the  absence  of  an  available  method  of  experimental  demonstra- 
tion these  deductions  may  be  accepted  as  the  nearest  approximation  at  present 
obtainable.  A  brief  non-mathematical  statement  niav  be  found  in  Maxwell's  "Theory 
of  Heat,"  pp.  314-316.  The  results  require  some  modilication  for  mixed  gases  and 
for  special  conditions,  but  this  is  not  thought  essential  in  this  general  argument. 
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number  of  times  this  velocity  a  given  proportion  of  molecules 
attain  at  any  instant  when  they  have  certain  specified  tempera- 
tures. For  example,  the  table  shows  that  when  the  gas  is  at 
o''  C,  47  X  io~',  or  47  per  cent,  of  the  molecules  have  a 
velocity  greater  than  the  average  velocity  at  zero  centegrade ; 
when  the  gas  is  at  1000°  C,  47  per  cent,  of  the  molecules  have 
a  velocity  2.2  times  the  average  velocity  at  o^  C;  when  at  isoo"" 
C,  the  same  per  cent,  have  2.5  times  the  average  velocity  at 
o°C.,  etc.  To  raise  the  velocity  of  these  molecules  to  the  para- 
bolic velocity  of  the  earth  the  multiplier  must  be  about  19.8 
(since  1118127*-'""  per  sec.  is  the  parabolic  velocity  of  the  earth 
at  the  surface  and  1 1 18127  -r-  56522  =  19.8,  nearly).  The  table 
shows  that  the  proportion  of  molecules  attaining  this  velocity  or 
over  (taking  the  figure  nearest  to  19.8)  is  as  follows: 

For  1000'      1.9    X  10-44  For  3000'      7.58  X  lO"^ 

For  1500^      4.18  X  10-35  For  4000''     9.7     X  io-m 

For  2000"     7.22  X  io-»7 

It  now  becomes  important  to  ascertain  how  frequently  all 
the  molecules,  on  the  average,  will  acquire  the  parabolic  velocity 
of  the  earth.  Every  time  a  collision  occurs  the  velocities  of  the 
colliding  particles  change.  The  formula  for  the  time  required 
for  complete  change  will  therefore  be  jr^^  where  N  is  the  num- 
ber of  collisions  per  second  at  0°  C.  standard  pressure,  and  Pni 
is  the  proportion  of  molecules  having  the  parabolic  velocity, 
given  in  terms  of  0°  C.  velocity,  standard  pressure. 

The  number  of  collisions  per  second  for  0°  C.  standard  pres- 
sure is  given  by  Maxwell  as  17,750,000,000  for  hydrogen,  7,646,- 
000,000  for  oxygen,  and  9,720,000,000  for  carbon  dioxide.  For 
the  number  of  collisions  for  w^ater  vapor  I  find  no  authentic  esti- 
mate, but  it  probably  sustains  the  same  ratio  to  the  collisions  cf 
hydrogen  and  oxygen  that  their  velocities  do  to  each  other, 
increased  by  a  certain  factor  representing  the  effect  of  the  size 
of  the  molecules.  It  will  here  be  assumed  that  the  number  of 
collisions  of  the  molecules  of  aqueous  vapor  is  10,000,000,000 
per  second  at  0°  C.  standard  pressure.  The  results  can  easily 
be  modified  for  any  other  figure  that  may  be  thought  nearer  the 
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truth.  The  number  of  collisions  also  increases  with  the  density 
of  the  gas.  In  the  supposed  case  of  an  atmosphere  containing 
all  the  water  of  the  globe,  the  density  would  perhaps  be  300 
times  the  standard  density.  In  the  upper  regions  the  density 
would  be  low  and  ,/,  ^  of  the  standard  density  may  be  taken  as 
a  representative  of  the  conditions  there.  Making  the  assump- 
tion that  the  collisions  of  water  vapor  are  10^^  per  sec,  the 
periods  required  for  all  the  molecules,  on  an  average,  to  acquire 
the  parabolic  velocity  of  the  earth  would  be  as  follows  : 


At 

At  T^n 

At  300  times 

nperature 

Standard  Pressure 

Standard  Pressure 

Standard  Pressure 

1000' 

1.7  X  10^*^  years 

1.7  X  10'^^  years 

5.7  X  10="  years 

1500" 

7.6  X  10'^     " 

7.6  X  io'«     " 

2.5  X  10'*    " 

2000^ 

4.3  X  10®      " 

4.3  X  10'"^     •♦ 

1.4  X  10*     *' 

3000^ 

33  years 

3300  rears 

40  days 

4000' 

1030  seconds 

28.5  hours 

3.4  seconds 

Under  the  current  hypothesis  of  a  molten  earth  derived  from 
a  gaseous  one  the  temperature  of  the  atmosphere  would  probably 
exceed  4000°  C.  during  the  stages  of  condensation  of  the 
refractory  material  of  the  earth  from  the  form  of  a  gas  to  the 
form  of  a  liquid.  From  this  fervid  stage  the  temperature  would 
fall  to  2000'^  C,  or  below  before  the  crust  would  begin  to  form 
and  the  external  liquid  condition  cease.  The  temperatures  of  a 
liquid  earth  may  therefore  be  assumed  to  range  from  4000*^  C. 
to  2000°  C.  or  below,  and  the  figures  of  the  preceding  table  may 
be  interpreted  on  this  basis. 

If  the  question  were  simply  the  acquisition  of  molecular 
velocities  at  the  surface  of  the  liquid  mass  greater  than  the 
parabolic  velocity  of  the  earth  at  that  point  within  an  available 
length  of  time,  it  would  appear  that  the  retention  of  the  water 
vapor  would  be  put  in  serious  jeopardy  during  the  hotter  stages, 
but  that  it  might  survive  the  cooler  ones  in  large  part  if  it 
reached  them,  unless  they  were  very  prolonged.  But  there  are 
other  considerations  to  be  taken  into  account.  Under  the  most 
favorable  conditions  only  a  part  of  the  molecules  which  attain  a 
speed  beyond  the  limital   velocity  of  the   earth's  control  would 
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escape  because  they  would  not  be  projected  away  from  the  earth. 
Besides,  the  escape  of  molecules  projected  outwards  is  seriously 
limited  by  the  interference  of  the  particles  above.  This  inter- 
ference is  practically  prohibitory  for  the  molecules  in  the  base 
of  the  atmosphere.  The  problem,  therefore,  involves  the  extent 
to  which  the  high  velocities  of  the  lower  hot  atmosphere  would 
be  communicated  to  the  upper  atmosphere  whence  escape  would 
be  possible.  The  interpretation  of  this  is  beset  with  great  diffi- 
culties. The  molecular  velocities  of  the  higher  parts  of  an 
atmosphere  surrounding  a  molten  earth  involve  factors  which 
cannot  be  safely  estimated  from  the  phenomena  of  a  cold  earth. 
It  must  of  course  be  assumed  that  the  molecular  velocities  of 
the  molecules  of  the  rising  air  would  be  lowered  in  proportion  to 
the  work  done  by  them  or  the  energy  lost,  but  in  convectional 
movements  certain  parts  of  the  air  are  recipients  of  motion 
rather  than  generators  of  it,  and  do  not  lose  the  energy  their 
movements  might  seem  to  imply.  It  is  probable  that  the  inter- 
change of  lower  and  upper  air  about  a  molten  earth  would  be 
extremely  violent.  It  is  not  unlikely  that  explosive  convection 
like  that  of  the  sun  would  be  the  customary  mode  of  action.  If 
hot  bodies  of  vapor  were  shot  violently  into  the  outer  limits  of 
the  atmosphere,  molecular  discharge  would  seem  to  be  probable 
if  not  inevitable,  whatever  might  be  true  of  the  more  quiet  mode 
of  action.  Besides  this  the  current  nebular  hypothesis  appar- 
ently involves  the  passage  of  even  the  outer  atmosphere  through 
very  hot  stages  during  the  early  period  when  the  refractory 
gases  of  the  now  solid  material  were  condensing  and  separating 
themselves  from  the  atmospheric  gases. 

The  case  in  this  form  seems  at  present  indeterminate.  There 
is  an  apparent  probability  that  a  large  loss  would  be  suffered 
while  the  temperatures  ranged  from  3000°  to  4000°.  At  the 
same  time  there  is  a  possibility  that  a  residue  would  remain  if 
the  period  of  this  high  temperature  were  not  prolonged,  and  a 
probability  that  a  large  part  of  the  atmosphere  would  be  retained 
if  it  survived  until  the  temperatures  were  near  the  melting  point 
of  rock. 
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The  considerations  that  grow  out  of  altitude  above  the  sur- 
face which  reduces  the  parabolic  velocity  have  been  neglected 
thus  far.  These  are  not  very  important  in  a  shallow  atmos- 
phere as  may  be  seen  by  reference  to  the  tables  previously 
given,  but  they  might  be  consequential  in  an  exceedingly 
extended  atmosphere.  While  it  would  be  hazardous  to  esti- 
mate the  height  of  a  superheated  atmosphere  embracing  the 
whole  present  hydrosphere,  it  seems  not  improbable  that  its 
outer  portion  would  be  appreciably  affected  by  the  reduction 
of  the  parabolic  velocity  due  to  its  high  altitude. 

To  this  is  to  be  added  also  the  effect  of  the  high  rotation 
which  the  earth  is  assumed  to  have  had.  In  the  supposed  dis- 
charge of  the  moon  under  either  the  nebular  or  fission  hypothesis 
the  attraction  of  the  earth  in  the  equatorial  zone  must  have  been 
nearly  or  quite  neutralized  by  the  centrifugal  effect  of  rotation. 
This  must  have  greatly  promoted  the  expansion  of  the  atmos- 
phere in  that  zone  and  correspondingly  reduced  the  earth's  power 
to  control  its  outer  portion,  indeed  it  is  difficult  to  see  how  the 
moon  could  have  separated  from  the  earth  without  carrying  away 
the  atmosphere,  unless  indeed  the  separation  took  place  while 
the  material  of  both  bodies  was  in  a  perfect  gaseous  condition 
and  the  atmospheric  constituents  were  diffused  throughout  the 
entire  gaseous  mass.  But  even  in  this  case  the  subsequent  con- 
traction of  the  earth  should  apparently  have  accelerated  its  rota- 
tion to  such  an  extent  that  the  retention  of  the  outer  equatorial 
atmosphere  would  be  put  in  jeopardy. 

There  is  still  another  consideration  whose  importance  may 
possibly  be  decisive  —  the  dissociation  of  water.  Dr.  Stoney 
has  maintained  that  even  under  present  conditions  the  earth  is 
incompetent  to  retain  hydrogen.  This  conclusion  is  in  harmony 
with  the  fact  that  hydrogen  does  not  permanently  exist  in 
the  atmosphere,  though  this  absence  may  be  otherwise  explained.^ 
At  looo"^  C.  all  molecules  of  hydrogen  would  acquire  the  para- 
bolic velocity  of  the  earth  some  hundreds  of  thousands  of  times 

*  In  his  last  paper,  referred  to  in  a  previous  footnote,  the  weakness  of  the  argu- 
ment from  the  absence  of  hydrogen  owing  to  the  ease  with  which  it  may  combine 


HYPOTHESES  BEARh\G  ON  CLIMATIC  CHANGES      667 

per  second.  Now  the  temperatures  of  the  supposed  molten 
earth  reached  and  probably  much  exceeded  the  temperatures  of 
effective  dissociation  of  water  vapor.  The  dissociation  is  prob- 
ably due  to  violent  impact  of  molecules  of  high  velocities.  It 
probably  takes  place  in  some  degree  even  at  moderate  temper- 
atures.' The  proportion  of  dissociated  molecules  greatly 
increases  with  temperature  until  the  dissociation  so  far  exceeds 
the  recombination  that  it  may  be  said  to  be  nearly  or  quite  com- 
plete. Authorities  differ  as  to  the  temperature  of  effective  dis- 
sociation. The  estimates  commonly  given  lie  in  the  lower  half 
of  the  range  of  temperatures  above  assigned  to  the  molten  stage 
of  the  earth.  If,  therefore,  the  temperatures  of  the  molten  globe 
ranged  as  high  as  the  current  hypothesis  seems  to  require,  the 
dissociation  of  the  aqueous  vapor  would  seem  to  be  inevitable 
and  the  loss  of  hydrogen  would  be  endangered  notwithstanding 
its  disposition  to  recombine. 

If  the  retention  of  the  atmosphere  be  put  in  jeopardy  by  the 
earth's  temperatures  in  a  supposed  liquid  state  much  more  would 
it  be  endangered  if  the  temperatures  were  those  of  volatilization 
of  the  refractory  material  of  the  earth,  as  assumed  by  the 
Laplacean  hypothesis,  for  not  only  would  the  molecular  veloci- 
ties be  enormously  increased,  but  the  extension  of  the  mass 
would  push  its  exterior  portions  out  into  the  regions  of  low 
parabolic  velocity. 

If  the  mass  be  still  further  dispersed  into  the  vast  gaseous 
ring  of  the  Laplacean  hypothesis  the  argument  from  molecular 
velocities  is  immeasurably  strengthened,  for  not  only  must  the 
temperatures  requisite  to  the  retention  of  the  refractory  sub- 
stances of  the  earth  in  the  attenuated  condition  of  such  a  gaseous 
ring  be  exceedingly  high,  but  the  parabolic  velocity  of  the  body 

with  the  free  oxygen  of  the  air  is  in  a  large  measure  covered  by  resting  the  argument 
chiefly  on  the  al)sence  of  helium,  which  is  chemically  very  inert.  As  helium  is  given 
off  slowly  by  hot  springs,  it  is  urged  that  in  the  vast  lapse  of  the  geological  ages  it 
should  have  accumulated  to  an  appreciable  (]uantity  if  it  had  not  escaped.  As  it  has 
twice  the  molecular  mass  of  hydrogen  it  is  held  that  the  "  minimum  speed  of  control '' 
at  existing  temperatures  lies  below  the  molecular  velocities  of  gases  which  are  twice 
as  heavy  atomically  as  hydrogen. 

'  RiSTEEN,  Molecules  and  .Molecular  Theory,  pp.  50-51. 
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in  such  an  extremely  distributive  form  would  be  exceedingly 
low.  It  would  seem,  therefore,  that  unless  the  argument  from 
molecular  velocities  is  radically  and  grievously  at  fault  the 
hypothesis  of  a  gaseous  earth-moon  ring  is  untenable  unless  a 
degree  of  tenuity  be  assumed  which  separates  the  molecules 
beyond  the  limits  of  effective  kinetic  relations.  In  this  case  the 
argument  from  rapid  cooling  becomes  peculiarly  strong  and 
seems  to  leave  no  alternative  but  the  conversion  of  the  refractory 
matter  of  the  ring  into  the  discrete  solid  condition. 

Impressed  by  these  considerations  and  following  what  seem 
to  be  the  legitimate  implications  of  molecular  studies,  I  have  vent- 
ured for  myself  to  place  the  atmospheric  inferences  from  the 
supposed  gaseous  and  molten  conditions  of  the  primitive  earth 
in  the  list  of  uncertain  deductions  and  to  add  an  alternative 
hypothesis  to  my  working  list. 

But  occasion  for  doubt  concerning  an  early  molten  earth  and 
its  vast  atmosphere  is  not  limited  to  this  line  of  approach.  On 
other  grounds  we  cannot  fail  to  recognize  that  some  form  of  the 
meteoroidal  hypotheses  of  the  origin  of  the  earth  is  entitled  to 
be  reckoned  among  the  possibilities.  Whether  an  accretion  of 
meteoroidal  matter  would  give  rise  to  a  molten  earth  or  not 
would  depend  upon  the  rapidity  and  violence  of  the  infall.  If 
the  intervals  between  falls  were  sufficient  the  heat  would  be  lost 
concurrently.  A  relatively  cold  earth  is  theoretically  as  possible 
as  a  hot  one  until  it  is  shown  that  the  aggregation  must  be  rapid. 
Even  following  the  general  line  of  the  nebular  hypothesis  a  cold 
earth  is  hypothetical ly  possible.  We  have  found  reason  for 
thinking  that  the  earth-moon  ring,  if  formed,  would  probably 
become  cooled  to  discrete  solid  particles  while  still  in  the  ring 
form.  Now  it  does  not  appear  that  there  are  any  conditions 
inherent  in  such  a  ring  that  tend  toward  sudden  concentration 
into  a  spheroidal  body.  Quite  on  the  other  hand,  the  problem 
presented  by  such  a  ring  is  to  find  agencies  which  will  lead  to 
its  concentration  at  all.  Just  how  the  concentration  would  take 
place  is  an  unsolved  (juestion.^    lUit  two  things  seem  certain;  first, 

*  I  have  ventured  to  speculate  a  little  upon  this,  though  beyond  the  province  of  a 
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the  process  would  be  slow ;  the  individual  conjunctions  more  or 
less  distant  in  time,  and  the  heat  generated  by  one  impact  so  far 
forth  lost  before  another  took  place ;  second,  the  conjunctions 
would  not  be  opposing  collisions  but  overtakes  in  which  both 
bodies  were  moving  at  nearly  the  same  speed,  and  the  heat  of 
conjunction  hence  relatively  small.  It  would  appear,  therefore, 
that  the  aggregation  might  take  place  without  the  development 
at  any  one  time  of  a  general  high  temperature.  The  present 
accretions  of  the  earth  show  us  that  growth  is  possible  without 
notable  increase  of  temperature.  Following  the  general  line  of 
the  nebular  hypothesis,  therefore,  it  is  possible  to  suppose  the 
earth  to  have  been  affected  by  relatively  low  surface  temperatures 
at  all  stages  of  its  growth.  By  changing  our  assumptions  as  to 
the  rate  and  vigor  of  accretion  we  can  correspondingly  change 
our  conclusions  respecting  the  earth's  temperature.     The  range 

geologist,  because  it  involves  a  supposed  objection  to  meteoroidal  aggregation.  In  a 
solid  rotating  ring  the  outer  part  moves  faster  than  the  inner  and  if  broken  and  con- 
densed to  the  globular  form  the  rotation  must  be  direct.  But  in  a  ring  of  planetoids 
the  inner  members  move  faster  than  the  outer  and  if  the  several  concentric  orbits  be 
symmetrically  drawn  together  so  that  the  inner  planetoids  uniformly  or  usually  cr)llide 
with  the  inner  sides  of  the  outer  planetoids  retrograde  rotation  follows.  But  this  is 
inconsistent  with  the  facts  of  the  solar  system  except  in  the  case  of  Uranus  and 
Neptune  (Cf.  Faye,  sur  I'Origine  du  Monde,  1896,  pp.  165,  270-281).  But  it  seems 
improbable  that  this  would  be  the  mode  of  union  except  in  the  case  of  the  outer  planets, 
for  the  mutual  gravitation  of  minute  planetoids  is  very  slight  and  expresses  itself  chiefly 
in  perturbations  under  such  conditions  (see  On  the  Stability  of  Motion  of  Saturn's 
Kings,  Scientific  Papers  of  James  Clerk  Maxwell,  Vol.  I,  pp.  288-376),  while  the  disturb- 
ing influence  of  the  great  planets  is  appreciable,  as  the  ellipticity  of  the  orbits  of  the 
planets  testify.  If  the  orbits  of  the  particles  or  planetoids  of  the  supposed  earth- 
moon  ring  were  at  first  nearly  circular  and  concentric  the  conjoined  attractions  of 
the  outer  planets  would  render  them  elliptical.  But  the  line  of  their  apsides  would 
not  be  concordant  and  would  be  subject  to  subseciuent  shifting  in  a  more  or  less 
non-conc»)rdant  fashion.  It  is  therefore  conceived  that  they  w<juld  be  brought  to 
cross  each  other  and  that  this  would  lead  to  collisions.  Now  an  outer  orbit  could 
only  cross  an  inner  one  by  a  more  or  less  perihelion  portion  of  it  coming  into  coinci- 
dence with  a  more  or  less  aphelion  portion  of  the  inner  one.  But  the  perilielicm 
movement  of  a  luuly  in  an  outer  orbit  is  greater  than  the  coincident  aphelion  move- 
ment of  a  body  in  an  inner  orbit.  Hence  on  the  average  the  outer  body  in  collision 
will  have  tlie  greater  speed  and  the  conse(]uent  rotation  will  be  direct.  As  this 
reasoning  applies  t(»  the  inner  planet.s  and  not  to  the  outer,  and  as  the  inner  planets 
have  direct  rotations  while  the  outer  probably  have  retrograde  rotations,  it  has  at 
least  the  merit  of  coincidence  with  the  facts. 
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of  rational  hypothesis  seems  therefore  to  be  wide.  It  is  herein 
urged  that  it  is  wholesome  at  present  to  recognize  this  wide 
range  in  its  fullest  amplitude. 

But  if  we  question  current  conceptions  we  should  present 
alternatives  which  account  for  the  atmosphere  and  for  internal 
heat.  Let  us  therefore  hastily  follow^  the  hypothetical  growth 
of  a  planet  built  up  by  the  slow  aggregation  of  small  bodies 
which  join  it  at  low  velocities  and  develop  a  minimum  heat. 
Let  the  case  be  purposely  made  rather  extreme  to  develop 
sharply  the  difficulties  springing  from  it.  Let  the  infalling  par- 
ticles be  small  and  their  rate  such  as  not  to  generate  a  high 
surface  temperature.  The  growth  of  such  a  body  up  to  the  size  of 
the  moon  may  be  taken  as  an  hypothesis  of  lunar  history  and 
the  phenomena  of  the  moon  may  serve  as  a  check  upon  it.  The 
moon  may,  however,  have  originated  by  fission  even  though  the 
earth  were  built  up  by  accretions.  In  the  early  stages  of  growth 
the  gravity  being  low  the  aggregation  may  be  supposed  to  have 
remained  uncondensed.  Volcanic  aggregations  of  bombs,  cinders 
and  ashes  are  perhaps  the  nearest  terrestrial  analogues.  The 
ingathering  particles  obviously  carried  with  ihcm  so  much  of 
the  atmospheric  material  as  was  entrapped  or  occluded  within 
them  in  their  solidification,  or  was  absorbed  into  their  pores  or 
adhered  to  their  surfaces.  Judging  from  meteorites  the  amount 
of  this  might  have  been  large.  Gaseous  molecules  moving  as 
independent  bodies  may  have  joined  the  aggregation  and  become 
absorbed  in  its  porous  body,  but  they  would  not  have  been  col- 
lected into  an  appreciable  atmospheric  envelope  until  the  body 
passed  the  size  of  the  moon  if  the  molecular  considerations 
urged  earlier  in  this  paper  hold  good,  though  an  atmospheric 
envelope  would  not  have  been  entirely  absent.  As  the  mass 
grew  the  central  pressure  increased  and  condenjralicn  produced 
heat  at  the  center  proportional  to  the  work  done.  I  find  the 
explanation  of  internal  heat  chiefly  in  this  self-condensation,  it 
being  essentially  the  application  of  the  Helmholtz  solar  theoiy 
to  a  solid  body.  Tidal  kneading  and  chemical  action  doubtless 
added  their  contributions.     When  the  growing  mass  reached  the 


HYPOTHESES  BEARING  ON  CLIMATIC  CHANGES      67 1 

size  of  the  moon  a  definite  problem  was  presented  of  which  the 
present  moon  stands  as  a  possible  representative  and  invites 
computation.  If  in  its  loose  state  of  aggregation  the  mass  had 
a  specific  gravity  of  2.  and  if  it  shrank  by  self-condensation  to 
3.4,  the  average  specific  gravity  of  the  moon,  the  possible  heat  gen- 
erated by  the  gravitative  fall  would  have  equaled  3900°  C.  for  the 
whole  mass,  the  specific  heat  being  assumed  to  be  .2,  which  is 
very  prudent.  I  owe  the  computation  to  Mr.  Moulton.  For 
convenience  of  computation  the  condensation  was  assumed  to  be 
uniform  and  the  distribution  of  heat  uniform.  The  original 
distribution  of  internal  heat  would  perhaps  have  varied  with  the 
square  root  of  the  pressure,  according  to  Laplace's  formula. 
As  the  computed  temperature  is  more  than  twice  the  melting 
temperature  of  average  rock  not  under  pressure  it  seems  ample 
for  all  igneous  phenomena  indicated  on  the  moon  with  a  large 
residue  for  secular  loss. 

Assuming  that  the  exterior  temperature  remained  below  zero 
during  the  pre-atmosj)heric  stages  of  growth,  the  hypothetical 
structure  of  the  planet  when  it  reached  the  size  of  the  moon  may 
be  pictured  as  embracing  ( i )  a  dense  central  portion  raised  to  a 
high  temperature  bv  compression,  giving  a  potentiality  of  lique- 
faction under  relief  of  pressure;  (2)  a  zone  of  declining  temper- 
ature and  less  compressed  structure,  graduating  toward  a  porous 
condition,  and  (3)  at  the  surface  the  still  unconsolidated  open 
aggregation.  The  low  average  specific  gravity  of  the  moon 
(3.4)  encourages  the  belief  that  the  outer  porous  zone  was  deep 
and  open.  The  notion  is  entertained  that  the  central  heat  and 
compression  would  lead  to  the  expulsion  of  a  part  of  the  cen- 
trally entrapped  gases  and  vapors,  and  that  these  would  be 
driven  outward  into  the  exterior  porous  portion,  which  having  a 
low  temperature,  like  that  of  the  moon  todav,  condensed  the 
a(jueous  vaj)or  in  the  spaces  of  the  open  texture  and  the  whole 
became  bound  together  more  or  less  completely  with  a  matrix 
of  frost  and  ice.  It  is  assumed  that  the  internal  condensation 
would  be  attended  by  readjustments  of  matter  of  the  nature  of 
diffusions,    differentiations    and  concentrations,    and  that  there 
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would  be  deformations  and  igneous  extrusions  as  on  the  earth 
today.  Perhaps  the  reduction  of  metallic  oxides  and  the  working 
of  the  slag  toward  the  surface  may  have  been  an  incident  of  the 
process.  Now  whenever  igneous  extrusions  invaded  the  zone  of 
congealed  vapor  conditions  would  be  afforded  favorable  for  the 
generation  of  great  quantities  of  steam  temporarily  restrained  by 
the  overlying  fragmental  mass  and  facily  subject  to  explosive 
discharge.  The  peculiar  constitution  of  such  a  body  invites  the 
notion  of  exceptionally  explosive  eruptions,  as  do  also  the 
extraordinary  pits  of  the  moon.  As  a  matter  of  fact  the  sug- 
gestion arose  from  studying  the  pits  and  not  from  the  peculiar 
constitution  of  the  body  to  which  the  speculation  had  led. 
These  remarkable  cavities  seem  to  be  the  close  analogues  of 
the  few  explosive  craters  which  the  surface  of  the  earth  pre- 
sents. 

The  pre-atmospheric  stage  of  the  evolution  would  obviously 
cease  when  the  growing  earth  acquired  a  size  sufficient  to  measur- 
ably control  its  exhaled  and  ingathered  gases.  A  certain  meas- 
ure of  control  was  incidental  to  all  stages,  for  even  a  small 
planetoid  has  some  power  to  control  gases  of  very  low^  initial 
velocity  if  it  continues  at  low  temperatures.  At  the  size  of  the 
moon  gases  of  much  more  than  the  average  molecular  velocity 
of  those  of  the  earth  at  0°  C.  could  be  held  if  their  velocities 
were  not  exalted  bv  interaction.  This  exaltation  would  become 
ineffective  when  the  gases  became  extremely  rare  and  the  sur- 
face very  cold.  The  molecular  argument  does  not  therefore  aflfirm 
the  total  absence  of  an  atmosphere  on  the  moon,  but  rather  on 
the  contrary  its  scanty  presence.  An  effective  control  would 
perhaps  begin  to  be  gained  by  the  growing  planet  when  the  size 
of  Mercury  or  thereabout  was  attained.  After  this  the  vapors 
and  gases  of  lower  molecular  velocity  would  collect  upon  the 
surface  and  initiate  the  appreciable  history  of  the  external  atmos- 
phere. Whensoever  the  accretions  of  this  atmosphere  acquired 
the  power  of  retaining  the  heat  of  the  sun  to  such  a  degree  as 
to  give  a  surface  temperature  above  the  freezing  point,  the  inau- 
guration of  the  hydrosphere  would  take  place  and  with  its  pro- 
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gressive  development  the  familiar  phenomena  due  to  superficial 
waters  would  appear.  The  surface  would  soon  lose  its  extremely 
fragmentary  condition  and  take  on  the  terrestrial  form  ;  the  sub- 
terranean frozen  zone  would  disappear  and  the  vulcanism  assume 
the  terrestrial  type. 

This  hypothesis,  it  will  be  observed,  departs  radically  from 
the  familiar  view  in  that  it  initiates  the  atmospheric  history  by 
a  tenuous  envelope  which  continued  to  slowly  increase.  By  the 
hypothesis,  as  thus  far  sketched,  the  atmosphere  was  derived 
from  the  interior.  After  the  earth  reached  the  requisite  size  the 
collection  of  wandering  gases  would  supplement  it.  The  compe- 
tency of  this  external  source  is  almost  wholly  a  matter  of  con- 
jecture and  its  vague  possibilities  need  not  be  discussed  here. 
It  need  only  be  remarked  that  the  hypothesis  of  molecular  dis- 
charge involves  the  peopling  of  space  with  flying  molecules. 

The  measure  of  competency  of  the  interior  to  supply  an 
atmosphere  is  obviously  a  critical  question.  Unfortunately  we 
are  almost  entirely  without  specific  quantitative  data  bearing  on 
the  subject.  We  know  that  there  is  not  a  little  atmospheric  mate- 
rial in  the  interior  as  demonstrated  in  volcanic  action  and  in  the 
content  of  the  minute  pores  of  the  hypogene  rocks,  but  we  do 
not  know  how  far  this  was  derived  from  the  surface.  If  the 
moon  never  has  had  an  appreciable  external  atmosphere  its 
explosive  eruptions  were  not  due  to  surface  infiltration  and  the 
implications  of  its  numerous  and  vast  craters  are  very  sug- 
gestive. We  can  also  draw  inferences  from  meteorites  which 
sometimes  contain  several  times  their  volume  of  gases,  as  well 
as  solid  matter  susceptible  of  conversion  into  atmospheric  con- 
stituents. But  at  best  we  can  only  form  very  vague  quantitative 
notions.  On  the  other  hand,  we  arc  liable  to  overestimate  the 
amount  recjuircd.  The  atmosphere  and  the  ocean  combined  are 
little  more  than  g^yVo  ^^  ^^e  mass  of  the  earth.  To  be  com- 
petent, the  ingathered  matter  need  therefore  only  contain  about 
^\^  of  I  per  cent,  of  atmospheric  and  aqueous  material,  plus  an 
added  factor  for  what  mav  have  been  lost  and  what  still  remains 
in  the  interior.     This  percentage  does  not  seem  large  enough 
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to   render  the   hypothesis    improbable   in  the    present  state  of 
knowledge. 

The  competency  of  self  compression  to  generate  the  internal 
heat  of  the  earth  is  also  a  critical  question  already  touched  upon. 
Estimates  made  by  different  methods  seem  to  give  an  ample 
supply.  The  safest  seemingly  is  that  of  Mr.  Moulton  who  simply 
computed  the  energy  that  would  be  required  to  lift  the  matter 
of  a  homogeneous  earth  of  5.6  sp.  gr.  against  gravity  alone  to 
such  a  height  as  to  give  the  whole  a  uniform  specific  gravity  of 
3.5.  This  is  more  than  the  present  specific  gravity  of  the  moon 
and  is  obviously  extremely  conservative.  The  fall  of  this  matter 
was  found  capable  of  raising  the  whole  mass  (specific  heat  being 
taken  at  the  over-figure  of  .2),  to  6560"  C,  or  about  four  times 
the  average  melting  point  of  rock  at  the  surface.  If  the 
original  specific  gravity  be  taken  at  2.  on  a  gross  average,  which 
seems  much  more  probable  than  3.5,  when  the  supposed  loose 
state  of  aggregation  is  taken  into  account,  the  possible  tempera- 
ture, if  all  the  potential  energy  were  converted  into  heat  and 
retained,  would  exceed  13,000°.  A  portion  of  the  energy  might 
take  other  forms  than  heat  and  a  portion  would  be  lost  concur- 
rently, but  as  the  heat  was  generated  in  the  interior  and  must 
have  been  conducted  to  the  surface  very  slowly,  the  secular  loss 
must  have  been  of  the  conservative  order.  On  the  other  hand, 
tidal  friction  and  possibly  chemical  action  would  add  to  the 
interior  heat  and  more  or  less  offset  these  sources  of  loss.  On 
the  whole,  therefore,  self  condensation  seems  a  competent  source 
of  internal  heat  unless  the  rate  of  aggregation  was  excessively 
slow. 

Although  aside  from  my  central  purpose,  it  may  be  remarked 
that  the  recognition  of  a  progressive  self-condensation  of  the 
earth  from  a  loose  aggregation  to  a  more  dense  one  by  a  pro- 
longed and  still  incomplete  process  presumes  a  degree  and 
quality  of  shrinkage  peculiarly  suited  to  explain  the  inequalities 
of  the  earth's  surface.  An  explanation  must  be  found  not  only 
for  the  mountainous  wrinklings  of  the  crust  in  post-Cambrian 
times  and   the  great  crumplings  and  crushings  of  the  Archaean 
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ages,  so  much  neglected,  but  also  for  the  great  continental  eleva- 
tions and  their  superposed  plateaus,  and  the  deep  oceanic  depres- 
sions with  their  abyssmal  anti-plateaus  —  phenomena  with  which 
current  hypotheses  have  struggled  so  unsatisfactorily.  It  is  also 
necessary  to  find  an  explanation  for  the  unequal  distribution  oi 
densities  which  have  been  partially  revealed  by  gravity  observa- 
tions, but  which  are  more  broadly  suggested  by  the  unsym- 
metrical  aggregation  of  the  hydrosphere.  The  total  shrinkage 
of  the  earth  from  first  to  last,  under  the  hypothesis  here  pro- 
posed, would  perhaps  be  sufficient  to  reduce  its  volume  as  much 
as  one-half  or  even  more,  this,  of  course,  depending  on  the 
original  density.  While  the  most  of  this  contraction  would 
antedate  known  geological  historv,  the  process  can  scarcely  be 
supposed  to  have  been  complete  in  pre-Cambrian  times,  or  even 
to  be  complete  now.  A  part  of  the  condensation  must,  there- 
fore, quite  certainly  have  fallen  within  geological  history,  and  a 
part  must  remain  yet  to  be  accomplished,  for,  in  addition  to  the 
retardation  of  the  process  of  condensation  caused  by  the  heat 
generated,  by  the  rigidity  of  the  outer  rocks  and  by  the  rapid 
rotation  of  the  sphere,  the  maximum  condensation  of  the  mass 
could  only  be  attained  by  means  of  a  general  rearrangement  of 
the  heterogeneous  material  of  the  meteor-built  globe  through 
the  agency  of  diffusion,  segregation,  re-combination,  re-crystal- 
lization and  other  processes  which  aid  in  giving  a  maximum 
compactness  to  mixed  material.  This  internal  readjustment 
must  necessarily  have  been  a  slow  |)rocess  if  the  globe  has  been 
solid  throughout  its  entire  history,  and  must  doubtless  be  yet 
incomplete.  This  progressive  rearrangement  of  internal  material 
adds  a  special  agency  of  contraction  to  loss  of  heat,  change  of 
rotation  and  similar  processes  now  recognized  and  which  would 
act  under  this  hypothesis  essentially  as  under  the  current  view. 
If  we  make  the  plausible  assumption  that  a  slow  process  of 
diffusion,  differentiation,  concentration  and  gravitative  readju.st- 
ment  has  been  in  progress  throughout  the  whole  history  and  is 
yet  active,  and  that  matter  has  crept  up  from  the  hot  compressed 
center  into  the  superficial  parts  where  relief  of  pressure   would 
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cause  liquidity,  wc  seem  to  have  an  equally  facile  basis  for  the 
explanation  of  molten  extravasations. 

It  may  also  be  remarked  that  the  accjuisition  of  an  atmosphere 
and  hydrosphere  at  a  moderate  temperature  when  the  growing 
earth  reached  a  medial  size  introduced  conditions  congenial  to 
life  at  a  stage  sufficiently  anterior  to  the  Cambrian  period  to 
satisfy  the  most  strenuous  demands  of  theoretical  biology.  Most 
of  the  restrictive  arguments  of  Lord  Kelvin  and  others  lose  their 
application  under  this  hypothesis. 

Returning  to  the  atmospheric  problem,  it  is  to  be  remarked 
that  the  assumption  of  a  limited  early  atmosphere  may  be  enter- 
tained quite  apart  from  the  foregoing  accretion  hypothesis. 
Under  the  current  hypotheses  of  the  separation  of  the  moon, 
whether  by  the  annular  mode  of  Laplace  or  the  fission  mode  of 
George  Darwin,  great  rotary  speed  and  high  temperature  are 
assumed  as  necessary  or  probable  conditions.  We  have  seen 
that  these  seem  to  put  the  retention  of  the  atmosphere  in  jeop- 
ardy. The  balance  of  theoretical  probabilities,  as  I  now  see 
them,  favors  the  presumption  that  the  atmosphere  would  have 
been  greatly  reduced  under  these  conditions.  There  does  not 
therefore  seem  to  me  any  firm  ground,  even  on  current  theories 
of  the  earth's  origin,  for  insisting  on  the  acceptance  of  the  doc- 
trine of  a  vast  primitive  atmosphere,  as  the  great  reservoir  from 
which  subsequent  abstractions  have  been  chiefly  taken.  I  think 
we  are  free,  therefore,  to  assume  just  such  a  Palaeozoic  atmosphere 
as  the  life  and  deposits  of  that  time  seem  to  imply,  interpreted 
by  the  phenomena  of  today.  Such  an  interpretation  seems  to  me 
to  indicate  conditions  not  radically  dissimilar  to  those  of  the 
recent  geological  ages  ;  warm  climates  in  high  latitudes  at 
times,  colder  climates  in  lower  latitudes  at  times,  moisture  at 
times,  aridity  at  times,  and  like  oscillations.  This  view  carries 
with  it  the  necessary  corollary  that  the  atmosphere  has  been 
supplied  by  accessions  in  some  near  proportion  to  its  losses. 
That  additions  have  been  made  to  the  atmosphere  of  vital 
importance  is  a  familiar  doctrine,  but  it  is  here  pressed  to  an 
unfamiliar  degree. 
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If  wc  push  the  doctrine  thus  far  it  is  important  to  assign 
causes  for  the  fluctuations  of  supply  and  exhaustion  of  the 
atmosphere,  to  give  the  doctrine  a  working  form  and  to  devise 
means  of  putting  it  to  the  test.  Concerning  external  sources  of 
enrichment  we  know  so  little  that  we  can  scarcely  say  that  there 
is  a  leaning  of  probabilities  either  toward  or  against  practical 
uniformity.  The  internal  supplies  were  probably  correlated  in 
some  measure  with  igneous  extravasations — not  that  such  extrav- 
asations were  the  sole  mode  of  liberating  gases,  but  that  other 
modes  probably  worked  concurrently  with  them.  The  escape 
of  gases  was  probably  also  correlated  with  crustal  move- 
ments, especially  those  that  compromised  the  continuity  of  the 
surface  rocks,  particularly  the  profound  crushings  which  mining 
and  the  microscopic  study  of  the  hypogene  rocks  reveal.  In 
these  phenomena  therefore,  may  be  found  a  rational  basis  for 
inferring  the  times  of  probable  atmospheric  enrichment.  For- 
mulated as  a  proposition,  it  may  be  postulated  that  special 
enrichment  coincided  with  special  igneous  extravasation  and 
crustal  disruption,  taking  the  earth  as  a  whole.  The  supply  may 
be  assumed  to  have  been  uniform  in  so  far  as  these  and  other 
means  of  liberation  were  on  the  average  uniform. 

The  phases  of  depletion  are  susceptible  of  more  satisfactory 
treatment.  In  the  first  place,  the  depletion  was  differential. 
The  loss  of  nitrogen  was  doubtless  slight,  because  of  its  chem- 
ical inertness,  and  hence,  though  the  supply  may  have  been 
small,  the  nitrogen  grew  to  ultimate  dominance.  The  depletion 
of  oxygen  through  the  alteration  of  surface  rocks  was  notable, 
but  less  than  that  of  carbon  dioxide.  As  a  result  the  latter 
became  the  fnin'unum  factor  of  the  atmosphere  and  the  critical  one. 
The  enormous  reserve  supplies  of  water  rendered  its  consump- 
tion inconsequential. 

In  the  second  place,  the  depletion  was  conditioned  upon  the 
exposure  of  the  surface  rocks  to  atmospheric  alteration.  This 
in  turn  was  conditioned  upon  topography.  In  stages  of  ele- 
vation the  water  table  of  the  land  is  depressed  and  the  zone 
of  atmospheric  penetration  is  deepened.     At  the  same  time  the 
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zone  of  effective  penetration  of  aerated  water  below  this  is  also 
deepened.  Hence  the  alteration  of  the  rocks  is  promoted.  In 
stages  of  low  elevation  —  stages  of  baseleveling,  for  example  — 
the  zone  of  atmospheric  penetration  is  shallow  and  rock  altera- 
tion proceeds  slowly.  From  this  may  be  deduced  the  law  thai 
during  stages  of  depression  or  baseleveling,  depletion  pro- 
ceeded slowly.  The  aggregate  surface  must,  of  course,  be  con- 
sidered. 

To  apply  this  law,  let  us  assume  for  the  moment,  a  uniform 
supply  equal  to  the  average  rate  of  exhaustion.  With  the  inau- 
guration of  any  great  epoch  of  general  uplift  there  would  begin 
an  era  of  relatively  rapid  atmospheric  exhaustion,  which  would 
proceed  continuously  during  such  elevated  stage  and  might  result 
in  notable  atmospheric  impoverishment,  as  the  computations  cited 
early  in  this  paper  show.  As  the  cutting  down  of  the  surface 
approached  baselevel,  the  depletion  would  be  retarded  and,  the 
supply  continuing  the  same  by  hypothesis,  the  rate  of  exhaus- 
tion would  fall  below  that  of  supply  and  an  epoch  of  enrichment 
begin.  A  second  elevation  would  re-inaugurate  the  depletion, 
and  so  oscillations  of  enrichment  and  impoverishment  would  fol- 
low the  general  oscillations  of  the  land  surface.*  Applying  this 
law  by  itself,  atmospheric  poverty  should  follow  at  some  distance 
the  stages  of  general  elevation,  and,  on  the  other  hand,  atmos- 
pheric enrichment  should  follow  at  some  distance  the  stages  of 
baseleveling:^  or  depression. 

But  the  assumption  of  a  uniform  average  supply  needs  revi- 
sion. In  the  main  the  igneous  extrusions  and  crustal  disrup- 
tions that  are  presumed  to  favor  gaseous  emanation  probably 
fell  in  with  the  initiation  of  the  elevated  stages  that  favored 
depletion.  In  a  general  way  the  curves  of  supply  and  of  deple- 
tion ran  together  in  geological   history  and  gave  a  measurably 

'  More  strictly,  the  oscillations  of  that  part  of  the  land  surface  whose  rocks  con- 
sumed the  atmosphere  by  their  alteration  —  in  general  terms,  the  crystalline  areas. 
Periodic  general  elevations  followed  by  general  baselevelings  or  some  notable 
approach  to  baselevelings,  arc  here  assumed.  It  would  be  obligatory  to  state  the 
grounds  for  this  in  an  ampler  discussion,  but  the  all  too  narrow  limits  of  this  paper 
make  this  impracticable. 
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constant  atmosphere,  but  their  occasional  failures  to  run  in 
consonance  are  herein  assigned  as  possible  causes  of  exceptional 
climatic  episodes,  for  it  is  almost  axiomatic  to  say  that  climatic 
changes  would  attend  changes  in  the  constitution  of  the  atmos- 
phere. I  assume  that  atmospheric  povertj',  especially  in  the 
critical  item  of  carbon  dioxide,  is  correlated  with  low  tempera- 
ture, as  urged  by  Tyndall  and  others. 

It  is  impossible  here  to  attempt  to  apply  the  doctrine  in 
detail  to  geological  history.  But  it  may  be  noted  in  passing 
that  the  Pleistocene  glaciation  followed  at  a  notable  interval  the 
formation  of  the  great  plateaus  and  epeirogenic  uplifts  of  late 
Tertiary  times.  The  glaciation  of  India,  Australia  and  South 
Africa  occurred  about  the  the  time  of  the  crustal  revolutions 
that  marked  the  close  of  the  Palaeozoic  era.  The  uncertainty 
of  the  homotaxis  of  the  strata  involved  makes  a  precise  cor- 
relation at  present  impossible.  The  glaciation  perhaps  came  too 
early  to  fit  the  hypothesis.'  Here,  at  least,  is  an  excellent  chance 
to  put  it  to  trial.  All  other  hypotheses  of  glaciation  have  fared 
badly  when  brought  to  the  supremely  severe  test  of  the  ancient 
oriental  low-latitude  glaciation,  and  if  this  hypothesis  shall  fol- 
low them  to  the  junk  shop  of  broken  down  theories  it  will  find 
an  already  beaten  j)ath.  The  glaciation  of  northern  Norway 
as  determined  by  Reusch  and  Strahan  succeeds  the  j)re-Cam- 
brian  stage  of  elevation,  but  in  what  precise  relations  is  not 
known. 

The  great  extensions  of  warm  climate  to  the  high  north 
appear  to  be  associated  with  baseleveling  periods  in  a  general 
way  ;  but  whether  in  a  specific  connection  of  sufficientlv  declared 
nature  to  indicate  the  relation  of  cause  and  effect  remains  to  be 
determined. 

Another  source  of  atmospheric  depletion  needs  recognition. 
Dr.  S.  W.  Johnston  is  responsible  for  the  opinion  that  the  entire 
carbon  dioxide  of  the  atmosphere  would  be  removed  by  the  pres- 
ent annual  growth  of  vegetation  if  there  were  no  return  through 
decomposition  and  animal  life  provided   it  were  continued  uni- 

'  It  may  fall  under  the  organic  factor  of  the  hypothesis  mentioned  later. 
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formly  for  one  hundred  years.'  Animal  life,  however,  makes 
such  nearly  complete  returns  that  the  permanent  loss  is  usually 
regarded  as  negligible.  Nevertheless  it  is  something.  In  cer- 
tain stages  of  the  world's  history  it  has  been  important,  as  the 
coal  beds  testify.  The  loss  in  the  Carboniferous  age  has  been 
held  sufficient  to  remove  a  noxious  excess  from  the  early  atmos- 
phere. On  the  same  basis  it  might  be  held  to  cause  serious  deple- 
tion in  the  absence  of  the  excess.  It  is  necessary  at  least  to 
consider  whether,  under  the  theory  of  a  limited  early  atmosphere, 
conditions  which  restrain  the  animal  factor  of  the  organic  cycle 
may  not  so  far  impoverish  the  air  as  to  seriously  affect  climate. 
But  this  cannot  be  entered  upon  here.  The  organic  cycle  is  very 
sensitive  and  very  rapid  in  its  action.  It  would  naturally  be 
greatly  influenced  by  the  topographic  conditions  which  were 
concerned  in  the  supply  and  exhaustion  of  the  atmosphere,  and 
lend  to  them  either  its  concurrent  or  its  counteracting  influ- 
ences. 

It  is  now  a  little  more  than  fifty  years  since  Tyndall  sug- 
gested that  the  periods  of  terrestrial  glaciation  might  be  depend- 
ent upon  the  carbon  dioxide  of  the  atmosphere  whose  peculiar 
competence  to  retain  solar  heat  he  had  demonstrated.  The  sug- 
gestion of  the  origin  of  glaciation  through  the  depletion  of  this 
atmospheric  constituent  is,  therefore,  not  at  all  new.  It  has 
been  entertained  by  others  than  Tyndall.  If  it  has  failed  to 
find  much  accejjtance  this  has  perhaps  been  partly  from  a 
doubt  as  to  its  adequacy  and  partly  from  the  lack  of  any 
definitely  assignable  cause  for  the  requisite  intermittent  deple- 
tion. Dr.  Arrhenius  has  recently  contributed  to  the  subject 
a  most  important  discussion  bearing  especially  upon  the 
former  point.'  By  an  elaborate  mathematical  analysis  of  data 
derived  from  Langley's  experiments  he  has  endeavored  to 
ascertain  what  degree  of  depletion  of  the  carbon  dioxide  of  the 
present  atmosphere  would  bring  on  the  conditions  of  Pleisto- 
cene glaciation,  and,  on  the  other  hand,  what   degree  of  enrich- 

*  How  Crops  Feed,  p.  47. 

^Svente  Arrhenius,  Phil.  Mag.  S.  5,  Vol.  XLI,  No.  251,  April,  1896,  pp.  237-279. 
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nient  would  produce  the  warm  climate  of  the  Tertiary.  He 
arrives  at  the  conclusion  that  the  removal  of  38  to  45  per  cent, 
of  the  present  carbon  dioxide  would  bring  on  glaciation  and  that 
an  increase  of  2.5  or  3  times  its  value  would  produce  the  mild 
temperatures  of  the  Tertiary  times.  He  quotes  the  opinion  of 
Professor  Hogbom  in  support  of  the  competency  of  earth  changes 
to  produce  this  depiction,  and  also  the  competency  of  the  interior 
and  other  sources  to  re-supply  the  imi)Overished  atmosi)hcre. 
He,  therefore,  carries  the  suggestion  of  Tyndall  and  others  a  very 
notable  stej;  in  advance,  and,  what  is  especially  important,  has 
given  it  quantitative  expression  on  the  basis  of  deductions  from 
observed  data.  He  does  not,  however,  postulate  the  conditions 
which  control  the  enrichment  and  depletion  of  the  atmosphere 
which  has  been  the  essential  endeavor  of  this  paper.' 

But  we  do  not  meet  geological  demands  when  we  simply 
offer  general  explanations  of  climatic  changes.  Our  theories 
must  ultimately  be  found  to  fit  the  precise  phenomena.  How 
are  we  to  explain  the  profound  glacial  oscillations?  Here  is 
where  existing  hypotheses  are  put  to  the  stress  and  our  atmos- 
pheric hypothesis  seems  at  first  thought  even  less  adaptable  to 
the  phenomena  than  most  others.  If  we  could  deny  that  the 
oscillations  were  profound,  as  some  do,  it  would  be  convenient. 
But  I  fear  we  cannot.  We  may  appeal  to  variations  of  atmos- 
pheric supply,  to  the  precession  of  the  equinoxes,  etc.,  but  field 
experience  leads  me  to  doubt  whether  these  will  fully  fit  the 
phenomena,  though  they  must  doubtless  be  reckoned  as  factors. 
I  have  endeavored  to  follow  out  the  doctrine  of  atmospheric 
gain  and  loss  on  its  own  lines,  and  although  the  studies  are 
incomplete,  the  results  are  at  least  encouraging.  I  seem  to  find 
a  rhythmical  action  that  may  in  part  explain  the  glacial  oscilla- 
tions. To  do  it  justice  it  should  have  elaborate  and  careful 
statement,  but  I  can  here  onlv  suggest  its  nature  in  bald  outline 

'  I  may  hero  remark  that  the  main  features  of  the  ideas  herein  advanced  were 
entertained  and  expressed  to  my  stu<lents  some  time  before  I  saw  Dr.  Arrhcnius' 
important  paper,  but  I  fear  I  miv,rht  not  have  felt  justified  in  v^ivinv;  them  a  more  pub- 
lic statement  but  for  the  encouragement  of  his  weighty  opinion  on  the  vital  |K>int  of 
(juantitative  sutticiency. 
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and  in  terms  that  need  qualification.  The  idea  hinges  (i)  on 
the  action  of  the  ocean  as  a  reservoir  of  carbon  dioxide  and  (2) 
on  the  losses  of  the  organic  cycle  under  the  influence  of  cold. 
Cold  water  absorbs  more  carbon  dioxide  than  warm  water.  As 
the  atmosphere  becomes  impoverished  and  the  temperature 
declines,  the  capacity  of  the  ocean  to  take  uj)  carbon  dioxide  in 
solution  increases.  Instead,  therefore,  of  resupplying  the  atmos- 
phere in  the  stress  of  its  impoverishment,  the  ocean  withholds  its 
carbon  dioxide  to  a  certain  extent,  and  possibly  even  turns 
robber  itself  by  greater  absorption,  though  the  diminution  of  the 
tension  of  the  carbon  dioxide  of  the  atmosphere  as  its  amount 
is  reduced  tends  to  increase  the  discharge  of  carbon  dioxide 
from  the  ocean  to  restore  the  ec]uilibrium,  and,  to  the  degree  of 
its  efficiency  which  is  undetermined,  offsets  the  increased  absorp-. 
tion  of  the  cold  water.  So  also,  with  increased  cold  the  process 
of  organic  decay  becomes  less  active,  a  greater  part  of  the 
vegetal  and  animal  matter  remains  undecomposcd,  and  its  car- 
bon is  thereby  locked  up.  and  hence  the  loss  of  carbon  dioxide 
through  the  organic  cycle  is  increased.  The  impoverishment 
of  the  atmosphere  is  thus  hastened  and  the  epoch  of  cold  is  pre- 
cipitated. 

With  the  spread  of  glaciation  the  main  crystalline  areas, 
whose  alteration  is  the  chief  source  of  depletion,  become  cov- 
ered and  frozen,  and  the  abstraction  of  carbon  dioxide  bv  rock 
alteration  is  checked.  The  supply  continuing  the  same,  by 
hypothesis,  recnrichment  begins,  and  when  it  has  sufficiently 
advanced  warmth  returns.  With  returning  w;armth,  the  ocean 
gives  up  its  carbon  dioxide  more  freely,  the  accumulated  organic 
products  decay  and  add  their  contribution  of  carbonic  acid, 
and  the  reenrichment  is  accelerated  and  interglacial  mildness 
hastened. 

With  the  reexposure  of  the  crystalline  areas,  alteration  of 
the  rocks  is  renewed  and  depletion  reestablished  and  a  new 
cycle  inaugurated.  And  so  the  process  is  presumed  to  continue 
until  a  change  in  the  general  topographic  conditions  determines  a 
cessation. 
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The  rhythmic  curve  which  represents  these  oscillations 
should  have  an  increasing  or  declining  amplitude,  according  to 
the  advance  or  decline  of  the  topographic  conditions  which  con- 
trol the  depletion  of  the  atmosphere.  This  brief  sketch  needs 
much  elaboration  and  qualification,  but  as  the  studies  are  still  in 
progress,  and  the  paper  has  already  transgressed  the  limits  due 

the  occasion,  it  must  be  deferred. 

T.  C.  Chamberlin. 


AN  ANALCITE-BASALT  FROM  COLORADO.' 

The  discovery  that  analcite  plays  the  role  of  an  important 
primary  constituent  of  certain  igneous  rocks  must  be  regarded 
as  one  of  the  most  interesting  developments  of  recent  petro- 
graphical  investigations ;  and  I,  for  one,  am  inclined  to  believe 
that  Pirsson  has  not  gone  too  far  in  his  general  conclusions,  pub- 
lished in  this  Journal  a  year  ago.*  that  analcite  is  an  essential, 
primary  component  of  many  rocks  now  assigned  to  the  mon- 
chiquites,  a  rock  group  described  some  vears  ago  by  Hunter  and 
Rosenbusch.  As  each  definitely  proven  instance  of  primary 
analcite  in  igneous  rocks  must  for  some  time  to  come  be  of  value 
in  establishing  its  true  rank  as  a  rock  constituent,  the  following 
description  is  offered,  although  some  important  details  of  occur- 
rence cannot  be  given. 

The  rock  in  question  was  found  by  myself  in  1893,  while 
engaged  in  the  geological  survev  of  the  Pike's  Peak  quadrangle. 
The  exact  locality,  which  mav  be  identified  bv  reference  to  the 
published  map  of  that  area,^  is  in  the  small  j)ark  called  "The 
Basin,"  twelve  miles  nearly  west  of  Cripple  Creek.  Near  the 
southern  end  of  The  Basin,  and  on  its  western  side,  at  the  end 
of  a  little  ridge  between  two  branches  of  High  Creek,  there  is 
an  outcrop  of  black  basaltic  rock  directlv  on  the  line  where  a 
great  complex  of  andesitic  and  basaltic  breccia  and  agglomerate 
rests  on  the  Dakota  Cretaceous  sandstone.  This  volcanic  series 
extends  far  to  the  westward,  between  South  Park  and  the  Arkan- 
sas River,  but  only  a  few  tongues  and  remnants  now  exist  to 
the  eastward  of  The  Basin.     The  outcrop  mentioned  was  regarded 

M'uhlished  with  the  permission  of  the  Director  of  the  U.  S.  Geological  Sur\-ey. 

-"The  Monchi<|uites  or  Analcite  Group  of  Igneous  Rocks."  by  L.  V.  PiRSSOX. 
Jdir.Geol.,  Vol.  IV.  1S96.  pp.  079-OQO. 

3 Geological  .Atlas  of  the  United  States,  Pike's  Peak  Folio  (No.  7),  Washington, 
1S94. 
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at  the  time  of  discovery  as  indicating  a  short  dike  parallel  to  the 
ridge,  but  no  contact  was  seen,  owing  to  detritus.  Although  the 
rock  had  a  somewhat  unusual  habit,  it  was  not  supposed  to  be 
materially  different  from  many  other  basaltic  dikes  which  had 
been  observed  cutting  the  fragmental  series  referred  to.  It  turns 
out  on  examination,  however,  that  this  rock  of  The  Basin  is  an 
analcite-basalt,  quite  unlike  any  other  rock  collected  in  the  entire 
district. 

The  rock  is  dark  and  very  fresh  looking,  with  many  small 
crystals  of  augite  and  olivine,  and  a  white  mineral  occurring  in 
roundish  grains,  all  these  averaging  about  i™"*  in  size.  A  few 
augite  prisms  are  larger,  and  terminations  exhibiting  the  usual 
pinacoidal  twinning  were  seen.  The  white  mineral, by  its  rounded 
grains  and  the  absence  of  cleavage,  presents  the  only  marked 
deviation  from  the  normal  habit  of  the  neighboring  plagioclase- 
basalts.     A  black,  aphanitic  groundmass  holds  the  phenocrysts. 

Under  the  microscope  augite,  olivine,  and  magnetite  possess 
a  development  common  in  basalts.  Augite  of  pale,  yellowish 
green  color,  and  very  faint  pleochroism,  occurs  in  phenocrysts, 
which  are  usually  almost  free  from  inclusions,  but  a  few  aggre- 
gates of  similarly  colored  grains  are  full  of  irregular  or  sack- 
shaped  glass  inclusions.  There  is  commonly  a  narrow  outer  zone 
to  the  i)urer  augite,  in  which  inclusions  of  glass  and  magnetite 
are  seen,  and  the  substance  of  this  outer  rim  has  a  faint  purplish 
tinge,  like  that  of  the  smaller  groundmass  grains.  An  analysis 
of  the  pure  augite  is  given  below. 

Olivine  appears  in  moderate  abundance,  of  usual  habit,  and 
is  the  only  mineral  showing  any  sign  of  alteration.  Perhaps 
half  of  the  olivine  is  serpentinized  with  i)ale  brown  biotite  leaves 
inclosed  in  the  serpentine  of  the  most  altered  grains,  as  an 
apparent  secondary  product.  Primary  dark,  reddish  brown  bio- 
tite also  appears  very  sparingly.  Magnetite  and  apatite  have 
the  customary  development. 

A  considerable  part  of  the  rock  is  colorless  and  isotroj)ic  in 
polarized  light ;  a  much  smaller  part  is  colorless  but  doubly 
refracting,  and  is  mainly  assignable  to  three  species  of  feldspar. 
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The  isotropic  constituent  embraces  most  of  what  is  megascop- 
ically  visible,  and  also  much  more,  in  small  grains,  which,  with 
corresponding  ones  of  augite,  magnetite,  and  feldspar,  make  up 
the  groundmass.  There  is,  in  fact,  a  regular  gradation  between 
large  and  small  isotropic  grains.  No  crystal  form  was  observed 
for  the  isotropic  substance,  but  neither  does  it  appear  in  any  way 
to  play  the  role  of  a  glassy  base.  It  seems  throughout  to  be  an 
irregularly  granular  mineral  constituent,  of  the  isometric  system. 

The  larger  grains  are  almost  wholly  free  from  inclusions,  and 
while  probably  the  last  substance  to  crystallize  the  isotropic 
mineral  has  in  its  growth  pushed  back  the  smaller  grains  of 
augite  and  magnetite  so  that  they  often  form  a  distinct  zone 
about  it.  This  phenomenon  seems  clear  evidence  of  a  crystalliz- 
ing force.  The  smaller  grains  mingle  with  augite,  magnetite,  and 
feldspar. 

While  no  crystal  form  has  been  observed,  rings  or  wreaths 
of  small  inclusions  were  noticed  in  a  few  grains,  and  these  so 
strongly  suggested  leucite  that  until  the  chemical  analysis  was 
made  I  felt  (juite  sure  that  the  rock  must  be  a  leucite-basalt.  A 
smoky  tinge  is  present  in  a  very  few  grains,  and  in  one  the  col- 
oring matter  is  arranged  in  zones,  clearly  suggesting  a  regular 
crystal  form.  Irregular  fractures  traverse. the  substance,  and  its 
index  of  refraction  is  less  than  that  of  the  Canada  balsam,  as 
indicated  bv  Becke's  method. 

The  fcldspathic  constituent  appears  in  small,  irregular,  clear 
particles,  some  of  which  have  most  characteristic  microcline 
structure,  with  an  extinction  of  15°  ;  others  can  only  be  consid- 
ered as  sanidine,  with  Carlsbad  twinning  in  some  grains ;  and 
the  remainder  is  a  plagioclasc  rich  in  soda,  with  very  delicate 
albitic  twinning.  Its  angle  of  extinction  is  always  small.  There 
is  possibly  some  nepheline  associated  with  the  feldspar. 

The  purity,  freshness  and  abundance  of  the  isotropic  mineral 
invited  the  attempt  to  determine  its  composition  bv  isolation  and 
analysis.  This  was  done  by  Dr.  \V.  F.  Hillebrand,  and  the 
result  is  given  in  column  I  of  the  table  below.  Under  I*  is 
given  the    molecular    ratio    deduced    from    the  analysis.     The 
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amount  and  composition  of  the  portion  of  the  rock  soluble  in 
hydrochloric  acid  is  shown  in  column  II.  The  augite  was,  in 
the  main,  so  free  from  inclusions  that  an  analysis  was  made  by 
Dr.  Hillebrand  for  comparison  with  other  rock  augitcs.  The 
material  was  isolated  bv  the  Thoulet  solution,  and  was  found  to 
be  very  pure  on  microscopical  examination.  Ill  is  the  analysis 
of  the  augite. 


I 

I« 

II 

III 

SiO, 

51.24 

854 

21.97 

49.26 

TiO, 

1-53 

Al,Oa 

24.00 

235 

9.94' 

6.01 

Fe,0, 

1.20* 

371* 

3.31 

FeO 

4.23 

CaO 

1.62 

29 

1.95 

21.79 

SK) 

.06 

.08 

.06 

BaO 

> 

• 

? 

MgO 

.33 

8 

2.87 

12.40 

K,0 

1.25 

13 

.56 

.41 

Na,0 

11.61 

187 

4.04 

.79 

H,0 

.62* 

3.915 

HjO 

8.47' 

470 

I'.Os 

SO  3 

none 

CI 

trace 

.05 

100.40 

49.08 

99.79 

'OverH,S04. 

'  Remainder  of  water. 


3  Includes  I'sOg.  5  Assumed  from  rock  analysis. 

*  Total  iron  as  FejOg. 


The  isotropic  mineral  could  not  be  secured  entirely  free 
from  attached  or  included  particles  of  doubly  refracting  sub- 
stances. But  these  made  up  a  small  part  of  the  material  sub- 
jected to  analysis.  After  treatment  with  hydrochloric  acid 
there  remained  an  insoluble  residue,  amounting  to  4.22  per  cent, 
of  the  substance  taken,  and  this  was  found  on  microscopical 
examination  to  consist  of  augite  and  feldspar.  From  the  molec- 
ular ratio  the  following  proportion  may  be  derived: 

SiOg  :  AlgOg  :  RgO  :  IlgO   ::  854  :  235  :  237  :  470  or 

3.6   :     I     :     I     :     2. 

In  this  result  CaO  and  MgO  are  united  with  the  alkalis  and  iron 
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is  neglected.  This  ratio  is  exactly  that  of  analcite  except  for 
the  silica.  It  cannot  be  assumed  that  the  material  isolated  was 
pure,  and  small  amounts  of  various  substances  no  doubt  went 
into  solution.  But  we  can  reasonably  consider  it  demonstrated 
that  the  isotropic  substance  acting  like  a  mineral  constituent 
has  practically  the  composition  of  analcite.  I  can  see  no  reason 
for  doubting  this  identification. 

The  analysis  of  the  soluble  portion  of  the  rock  leads  to  prac- 
tically the  same  result  as  that  of  the  isolated  analcite.  By 
deducting  olivine,  apatite,  and  magnetite,  there  remains  a  resi- 
due having  about  the  ratio  i  :  i  for  AI0O3  to  alkalis.  Silica  is 
again  low.  If  nepheline  were  present  in  the  rock  the  low  silica 
of  both  analyses  might  be  explained.  It  is  possibly  there  in 
some  small  amount  but  probably  not  in  sufficient  quantity  to 
entirely  explain  the  figures  of  the  analyses. 

The  augite  proves  to  be  quite  high  in  alumina  and  to  have 
more  titanic  acid  than  would  be  inferred  from  the  pale  violet 
tinge  it  exhibits.     It  is  thoroughly  normal  augite. 

An  analysis  of  the  rock  of  The  Basin  was  also  made  by  Dr. 
Hillebrand,  and  it  is  given  in  column  IV  of  the  following  table, 
in  which  analyses  of  several  allied  rocks  are  introduced  for  pur- 
poses of  comparison.  Of  the  other  analyses,  V  is  of  a  rock  from 
Shelburne  Point,  Vermont,  described  by  J.  F.  Kemp  and  V.  F. 
Marstcrs,'  with  other  dikes  of  the  Lake  Champlain  region.  In 
the  original  description  Kemp  published  another  analysis  of  this 
rock,  the  accuracy  of  which  he  was  afterward  led  to  question, 
and  the  analysis  here  quoted,  made  by  H.  T.  Vulte,  was  published 
by  Pirsson,  at  Kemp's  request,  in  his  cited  discussion  of  the  mon- 
chiquite  group.  VI  is  of  one  of  the  original  monchiquites  from 
Brazil,  by  M.  Hunter.*  The  relation  between  the  analcite-basalt 
and  the  other  basalts  of  the  region  is  illustrated  by  analysis  VII, 
by  W.  F.  Hillebrand,  of  a  normal  plagioclase-basalt  occurring  in 
Saddle  Mountain,  a  few  miles  northwest  of  The  Basin. 

*  The  trap  dikes  of  the  Lake  Champlain  region.     Bull.  107,  U.  S.  G.  S.,  1893  p.  32 

'  LJber  Monchiquit,  ein  camptonitisches  Ganggestcin  aus  der  Gefoli^schaft  der  Elae- 
olithsyenite,  Tschermak's  Min.  und  petr.  Mitth.  V<;1.  XI,  1890.  p.  445. 
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TABLE  OF  ROCK  ANALYSES. 


IV. 

V. 
Monchiquite. 

VI. 

VII. 

Analcite-basalt, 

Monchiquitc, 

Plagioclase-basalt, 

The  Basin,  Colo. 

Shelburne  Point,  Vt. 

Braxil. 

Saddle  Mt.,  Colo. 

W.  F.  Hillcbrand. 

H.  T.  Vultc. 

M.  Hunter. 

W.  F.  Hillebrand. 

SiOj 

45.59 

45-58 

46.48 

48.76 

TiC), 

1.32 

undet. 

.99 

1.65 

ZK), 

.03 

.... 

•    •    •    • 

none 

A1,0, 

12.98 

15.87 

16.16 

15.89 

Ke.Oa 

4-97 

4.65 

6.17 

6.04 

Fe() 

4.70 

6.37 

6.09 

4.56 

MnO 

.14 

trace 

«    •    •    • 

.13 

CaO 

11.09 

9.91 

7.35 

8.15 

SrO 

.12 

•   •   •  • 

•    «    •    • 

.06 

BaO 

.13 

•  •  •  • 

•    •    •    • 

.17 

MgO 

8.36 

8.32 

4.02 

5.98 

K,() 

1.04 

I.61 

3-08 

293 

Na,0 

4.53 

3-42 

5.85 

3.43 

Li,0 

trace 

•  •  •  • 

•  •  •  • 

none 

H,0 

.51 

^ 

\ 

\             .40 

H,0 

3-40 

{           3.14 

\          4.27 

\           1.48 

I*«^>5 

.91 

•  •  •  • 

•   •  •  • 

.60 

CI 

.05 

•  •  •  • 

•   •   •  • 

•   •   •   • 

CO, 

•   •   •   • 

•  •  •  • 

.45 

•   •   •   • 

s 

•   •   •   • 

•  •  •  • 

98.87 

•   •   •  • 

•   •   ■   • 

9Q.87 

100.91 

100.23 

Were  the  greater  part  of  the  water  in  the  analcite-basalt 
deducted,  and  the  remainder  recalculated  to  100,  the  analysis 
IV  might  stand  for  an  ordinary  nephelinc-tephrite.  It  is  lower 
in  alumina  than  many  analyses  of  basalt,  but  if  TiO^,  ^^2^)5 » 
and  MgO  were  accurately  estimated  in  all  such  rocks  the  alu- 
mina would  often  fall  2  or  3  per  cent,  below  the  published  figures. 
The  magma  of  this  basalt  was  relatively  quite  rich  in  soda  with 
low  silica  and  much  water.  The  formation  of  analcite  in  the 
final  stages  of  consolidation  of  such  a  magma  seems  to  me  much 
more  natural  than  that  glass  should  be  the  result,  provided  only 
that  the  conditions  were  in  general  favorable  to  crystallization. 
As  the  rock  probably  occurs  in  a  dike  and  in  a  region  where 
there  are  many  dikes  of  holocrystalline  plagioclase-basalt,  the 
presumption  must  be  that  the  conditions  were  favorable  to  crys- 
tallization. 
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The  monchiquite  of  Shelburne  Point  agrees  very  closely  in 
composition  with  this  analcite-basalt.  Its  high  alumina  would 
no  doubt  be  materially  reduced  if  TiOj  and  PgOg  were  deducted. 
Of  this  particular  rock  Kemp  quotes  Professor  Rosenbusch,  to 
whom  it  had  been  shown,  as  saying  that  it  is  a  "true  monchiquite 
of  typical  habit."'  From  a  microscopical  examination  of  a  speci- 
men of  this  rock  which  is  in  the  reference  collection  of  the 
Geological  Survey  it  is  plain  that  there  is  a  great  difference  in 
the  development  of  the  two  rocks.  In  the  Shelburne  Point  rock 
there  is  a  cloudy  gray  base  of  indistinct  radially  fibrous  struc- 
ture and  of  weak  double  refraction.  It  is  neither  glass  nor  hor- 
mal  analcite  at  present,  whatever  it  may  have  been  originally. 
It  is  clear  from  the  analysis,  however,  that  the  rock  of  Shelburne 
Point  and  that  of  The  Basin  resulted  from  magmas  of  almost 
identical  composition. 

The  original  monchiquite  (analysis  VI)  varies  somewhat  from 
the  others,  being  higher  in  alumina,  iron  and  alkalis  and  lower 
in  lime  and  manganese.  Its  alumina  must  contain  considerable 
phosphoric  acid.  Its  isotropic  base,  interpreted  by  Hunter  and 
Rosenbusch  as  glass,  has  been  shown  by  Pirsson's  recalculation 
of  Hunter's  analysis  to  have  practically  the  composition  of 
analcite. 

The  plagioclase-basalt  of  Saddle  Mountain  is  so  near  to 
the  monchiquite  of  analysis  VI  in  chemical  composition  that 
if  its  magma  had  contained  2  per  cent,  more  water  it  might 
in  all  probability  have  yielded  a  monchiquite.  As  many  normal 
basaltic  dikes  occur  near  The  Basin  it  seems  reasonable  to 
assume  that  the  analcite-basalt  magma  contained  more  water  at 
eruption  than  did  those  of  the  plagioclase-basalt  dikes. 

In  the  original  description  of  monchiquite  Messrs.  Hunter  and 
Rosenbusch  call  attention  to  the  association  of  all  the  rocks  of 
that  type  then  known  to  them  with  elaeolite-syenite,  and  express 
the  belief  that  magmas  of  this  kind  must  have  given  rise  to  the 
monchiquites  together  with  some  complementary  acid  rocks. 
The  expression  of  this  belief  in  the  positive  form  of  the  title  to 

'Bull.  107,  U.  S.  G.  S.,  p.  35. 
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their  communication  —  **lJber  Monchiquit,  ein  camptonitisches 
Ganggestein  aus  der  Gefolgschaft  der  Elaeolithsyenite" — is  of 
course  in  harmony  with  the  well-known  attempts  of  Professor 
Rosenbusch  to  make  geological  occurrence  the  foundation  stone 
in  the  classification  of  igneous  rocks.  And  whether  one  believes 
or  does  not  believe  that  the  "dike  rocks"  of  Rosenbusch  have 
individually  or  collectively  that  restricted  geological  occurrence 
and  that  constant  association  indicating  their  origin  which  are 
assumed  in  the  system  of  that  master,  it  is  of  great  importance 
to  the  development  of  petrography  to  know  the  facts.  An  asso- 
ciation of  rocks,  the  importance  of  which  may  be  exaggerated 
from  certain  standpoints,  should  not  on  that  account  be  slighted 
by  those  who  occupy  other  points  of  view. 

The  analcite-basalt  of  The  Basin  occurs  in  a  region  where 
there  is  a  great  series  of  volcanic  rocks,  mainly  andesitic,  with 
basalts,  trachytes,  and  rhyolites,  all  more  or  less  prominent  within 
five  miles  of  The  Basin.  Phonolites  occur  in  abundance  at  and 
near  Cripple  Creek,  but  there  seems  to  be  no  reason  for  assum- 
ing any  relation  whatever  between  the  magma  of  this  analcite- 
basalt  and  that  of  the  Cripple  Creek  center.  As  has  been  des- 
cribed' there  are  basic  dikes  at  Cripple  Creek,  some  of  them 
plagioclase-basalts  and  some  containing  a  scanty,  colorless, 
residual  material  of  indistinct  character,  which  was  interpreted 
as  nepheline  in  large  part,  and  hence  these  rocks  were  called 
nepheline-basalts.  From  the  much  decomposed  condition  of 
these  dikes  I  am  unable  to  say  upon  reexamination  that  they 
may  not  originally  have  contained  analcite  or  a  glassy  base,  but 
still  believe  it  more  probable  that  they  were  nepheline  rocks. 

Since  it  is  evident  that  the  monchicjuite  or  analcite-basalt 
magma  contains  nothing  peculiar  to  itself  except  water,  it  is  diffi- 
cult to  see  why  Rosenbusch  should  regard  it  as  a  differentiation 
product  of  different  origin  from  other  basaltic  magmas.  Nor  is 
it  plain  why  any  significance,  as  to  genetic  relations,  should  be 
attached  to  the  fact  that  the  supi)osed  glassy  base  of  the  mon- 

*  Gcoloi^y  of  tlie  Cripple  Creek  District,  Colorado,  by  Wuifman  Cross.  Six- 
teenth Ann.  Rep.  I'.  S.  (icological  Survey.  1895. 
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chiquitcs  is  similar  to  claeolite-syenite  in  composition.  The 
residual  parts  of  any  moderately  basic  rock,  after  crystallization 
of  the  ferro-magnesian  constituents,  will  be  identical  with  some 
possible  extremely  feldspathic  rock. 

As  for  the  question  whether  the  colorless  isotropic  base  of 
the  so-called  monchiquites  is  really  glass  or  analcite  it  must  be 
admitted  that  both  are  possible,  although  the  former  has  not 
been  proven  in  any  special  case  known  to  me.  The  point  raised 
by  Pirsson,  however,  seems  very  important,  namely,  that  as  the 
monchiquites  are  supposed  to  be  rather  deep-seated  dike  rocks, 
it  is  much  more  reasonable  to  suppose  that  the  residual  substance 
would  crystallize  rather  than  form  a  glass.  This  argument  has 
special  weight  where  it  can  be  shown  that  the  residue  has  prac- 
tically the  composition  of  analcite,  and  where  associated  rocks 
of  the  same  or  more  silicious  composition  are  found  to  be  holo- 
crystalline. 

The  name  analcite-basalt  has  been  used  for  the  rock  here 
described  because  it  accurately  expresses  its  relation  to  allied 
types,  because  the  name  has  priority  over  monchiquite  through 
its  use  by  Lindgren'  for  the  rock  of  the  Highwood  Mountains, 
Montana,  and  further  because  the  definition  of  monchiquite  by 
Rosenbusch  implies  a  glassy  base,  which  is  certainly  a  possibility, 
so  that  there  may  be  rocks  to  which  the  name  monchiquite 
applies  in  the  sense  originally  proposed.  It  is  probable  that  in 
many  cases  it  cannot  be  demonstrated  whether  the  colorless  iso- 
tropic residual  matter  is  glass  or  analcite,  and  where  decomposed 
it  will  be  clearly  a  matter  of  inference,  in  most  instances.  Criteria 
will  doubtless  be  discovered  by  which  analcite  can  be  more  readily 
determined  than  at  present.  The  advisable  course  then  seems 
to  be  to  apply  the  name  analcite-basalt  where  the  determination 
can  be  rendered  probable  and  to  apply  monchiquite  in  other 
cases.  The  fact  that  an  analcite-basalt  would  have  been  a  mon- 
chiquite if  its  residue  had  not  cystallized  shows  the  extremely 
close  relationship  of  the  two  rocks.     But  it  does  not  follow  that 

"Eruptive  rocks  from  Montana.     Proc.  Cal.  Acad,  Scl.,  Ser.  2,  Vol.  Ill,  1890,  pp. 
39-57  (reference). 
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all  monchiquitcs  would  have  yielded  analcitc-basalt  on  crystalliza- 
tion, for  the  ratio  of  SiO^  :  AlgOj  :  RgO  :  H^O  must  probably 
be  very  nearly  4  :  i  :  i  :  2  in  order  that  this  unusual  rock  con- 
stituent may  form.     With  lower   silica,   nepheline  and  analcite, 

or  glass,  would  presumably  result. 

Whitman  Cross. 
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Introduction. — The  following  paper  embodies  the  results  of 
some  weeks  of  field  work  on  the  New  Hampshire  terranc, 
heretofore  considered  by  some  writers  to  be  a  metamorphosed 
Archaean  sediment,  but  suspected  by  others  to  be  eruptive.  The 
conclusions  of  the  author  corroborate  this  suspicion  and  he  has 
attempted  to  express  them  here  with  the  special  point  in  mind. 
The  author  desires  to  express  his  best  thanks  to  Professor  J.  E. 
Wolff,  of  Harvard  University,  for  valued  suggestions  and  very 
material  aid  during  the  progress  of  the  work. 

Historical  summary  of  opinion  on  the  ^^porphyritic  gneiss'' — From 

the  conspicuous  nature  of  its  outcrops  the  *'  porphyritic  gneiss"  of 

New  Hampshire  early  attracted  the  attention  of  geologists.     In 

the  first  annual  report  of  the  Jackson  survey,  in  184 1,  Whitney 

and  Williams,  in   describing  its  occurrence  remark  that  "large 

bowlders  of  |)orphvritic  granite  are  verv  numerous  over  the  sur- 
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face,  from  the  west  parish  of  Concord  to  the  center  of  Warner, 
where  we  find  the  rock  itself  in  place.  It  is  a  peculiar  rock, 
having  large  crystals  of  feldspar  uniformly  distributed  through  its 
mass  ;  they  are  often  glassy,  so  as  to  furnish  beautiful  and  striking 
specimens.  This  bed  of  granite  extends  across  the  state  in  a  gen- 
eral northeast  and  southwest  direction.  It  is  from  eight  to  ten 
miles  in  width,  though  often  interrupted  with  veins  of  granite  of 
various  texture."'  With  the  physical  difficulties  of  a  rugged,  for- 
est-clad country,  it  was  not  to  be  expected  that  accurate  determina- 
tions of  boundaries  could  be  made  by  these  geological  pioneers. 
To  this  fact  is  due  the  confusion  of  the  "porphyritic  gneiss"  and 
associated  schists  in  the  published  Portsmouth-Claremont  sec- 
tion of  the  Final  Report. 

In  their  section,  '*from  Haverhill  to  the  White  Mountains," 
Whitney  and  Williams  again  refer  to  the  formation  thus: 
'*  From  Meredith  to  Centre  Harbor  the  rock  in  place  is  por- 
phyritic  granite,  often  traversed  by  beds  and  veins  of  fine 
grained,  dark  colored  granite  and  trap.  Some  specimens  of  the 
porphyritic  granite,  in  which  the  crystals  of  feldspar  are  flesh 

colored,   are  very  beautiful **  From   Centre  Harbor  to 

Plymouth  the  rock  in  place  is  porphyritic  granite,  traversed  by 
occasional  beds  of  mica  slate."' 

The  first  distinct  mention  of  the  ** porphyritic  gneiss"  in  the 
second  (and  last)  survey  of  the  state,  that  under  the  control  of 
Professor  C.  H.  Hitchcock,  occurs  in  the  second  annual  report, 
1870.  The  preliminary  map  issued  with  that  report  roughly 
outlines  the  formation  which  he  calls  porphyritic  granite.  He 
describes  it  as  **  common  granite  full  of  large  crystals  of 
feldspar,  generally  from  one-half  of  one  to  two  inches  long, 
which  gives  a  checked  appearance  to  the  ledges.  Some  portions 
of  it  have  evidently  been  injected,  while  the  arrangement  of  the 
fcldspathic  crystals  in  parallel  lines  leads  to  the  suspicion  of 
stratification  in  other  cases.  When  accurately  mapped  the  area 
will   resemble  the  trunk    and  branches  of  a  decayed  tree,  the 

'  Final  Report  on  the  Gool.  of  N.  H.,  C.  T.  Jackson,  1844,  p.  51. 
"Op.  cit.  pp.  73  ami  137. 
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branches  corresponding  to  the  veins  which  have  been  injected 
from  the  original  mass.' 

In  the  report  for  the  next  year,  Professor  Hitchcock 
adopted  the  view  which  was  held  throughout  the  later  publica- 
tions of  the  survey.  On  the  map.  of  a  scale  of  five  miles  to  one 
inch,  he  differentiates  the  Lake  Winnipiseogee  and  White  Moun- 
tain areas,  and  gives  a  brief  description  of  the  rock,  to  which 
he  affixes  the  name  **porphyritic  gneiss."  He  says:  **This 
is  an  ordinary  gneiss,  carrying  numerous  crystals  of  orthoclase 
or  potash-feldspar,  from  a  quarter  of  one  to  two  inches  long. 
The  longer  axes  may  be  parallel  to  the  strike  or  arranged 
helter-skelter.     It  passes  into  granite  with  the  same  porphyritic 

peculiarity  of  structure We  suppose  this  to  be  the  oldest 

formation  among  the  mountains.  Geologists  speak  of  a  rock  of 
this  character  as  common  in  the  Laurentian  in  various  parts  of 
North  America  and  Europe.*'" 

At  the  twenty-first  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  held  in  1872,  Professor  Hitchcock 
expressly  referred  the  '*prophyritic  gneiss"  to  the  Laurentian 3 
and  noted  the  common  parallel  structure  of  the  rock  which  he 
concluded  to  be  the  trace  of  an  almost  obliterated  stratifi- 
cation.'* 

An  indication  of  doubt  as  to  an  exact  correlation  appears  in 
Professor  Hitchcock's  "Classification  of  the  Rocks  of  New 
Hampshire,"  published  in  1873.5     He  divides  the  various  forma- 

*  Second  Ann.  Rep.  upon  the  Geol.  and  Mineralogy  of  N.  H.,  1870,  p.  33. 

^Geology  of  New  Hampshire,  1874,  Vol.  I,  p.  33. 

3  Explanation  of  a  New  Geological  Map  of  New  Hampshire.  Proc.  A.  A.  A.  S., 
1872.  p.  134. 

*  Recent  Geological  Discoveries  among  the  White  Mountains,  N.  H.  Proc.  A. 
A.  A.  S..  1872,  p.  135.  In  this  paper  the  author  states  his  grounds  for  the  correla- 
tion, viz.,  that  of  lithological  similarity  between  the  porphyritic  gneiss  and  the  Lau- 
rentian of  Canada  and  Europe.  At  each  of  the  next  two  meetings  of  the  Association, 
he  reaffirmed  his  position  that  there  is  nothing  older  in  the  state  than  the  porphyritic 
gneiss  which  was  held  to  be  Archaean  in  age.  See  Geological  History  of  Lake  Winni- 
piseogee. Proc.  A.  A.  A.  S.,  1873,  B.  p.  122,  and  the  Physical  History  of  New 
Hampshire,  ibid.^  1874,  H.  p.  76. 

5  Proc.  Bos.  Soc.  Nat.  Hist.,  Vol.  XV.,  p.  304. 
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tions  of  the  lower  series  into  two  groups  —  the  Laurentian,  which 
he  qualifies  by  an  interrogation  point,  and  the  Labradorian.  The 
former  included  the  **  porphyritic  gneiss,"  Bethlehem  gneiss, 
White  Mountain,  or  andalusite-gneiss,  and  the  breccia  of  Fran- 
conia,  in  the  order  of  decreasing  age.  The  eight  members  of 
the  Labradorian  **  constitute  one  horizontal  series  of  formations, 
the  lowest  resting  upon  the  upturned  edges  of  all  the  parts  of 
group  I."  The  greater  antiquity  of  the  *' porphyritic  gneiss" 
than  that  of  the  other  series  **  is  inferred  from  the  occurrence 
of  several  bands  of  andalusite  and  granitic  gneisses  upon  both 
flanks."  It  is  interesting  to  note  that  in  discussion  on  this  paper 
Dr.  C.  T.  Jackson  declared  his  belief  that  **the  classification  pro- 
posed was  hypothetical  to  a  great  extent,  and  that  suflficient 
reason  for  the  adoption  of  the  New  York  nomenclature  was  not 
shown." 

The  first  volume  of  the  Final  Report  of  the  Hitchcock  Sur- 
vey was  issued  in  1874.  The  '*  porphyritic  gneiss"  was  there 
explained  as  the  product  of  altered  sediment,  the  primitive 
stratified  rocks  having  been  metamorphosed  in  Archaean,  or,  as 
then  expressed,  Eozoic  time.'  The  second  volume,  published 
three  years  later,  reiterated  this  opinion,  making  the  terrane  the 
representative  of  the  **  first  territory  in  the  state  that  w-as 
redeemed  from  the  primeval  ocean."' 

'*  A  porphyritic,  or  augen-gnciss,  is  eminently  characteristic 
of  the  fundamental  rocks  in  every  part  of  the  world,  and  hence 
ours  may  readily  be  called  Laurentian. "^  A  still  closer  correla- 
tion was  suggested  whereby  the  **  por|)hyritic  gneiss "  of  the 
White  Mountain  district,  and  inferentially  that  of  the  whole  state, 
was  [)ut  in  the  *'  upper  division  of  the  Laurentian  system,  as  it  is 
developed  in  Canada  and  New  York."*  In  the  general  resume 
of  the  stratigraphical  relations,  a  thickness  of  five  thousand  feet 
was  estimated  for  the  formation.  With  it  was  included  the 
•'younger  Bethlehem  and  Lake  Winnipiseogee  gneisses  to  form 
the  whole  Laurentian,  aggregating  34,900  feet  in  thickness.* 

»  Geul.  of  N.  II..  Vol.  1.,  1874.  p.  512.  »  IhuL,  p.  668.  5  ]bid,,  p.  668. 

'  ticol.  of  N.  II.,  Vol.  II,  1877,  p.  519.  ^  Ihid.,  p.  252. 
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From  this   brief  review   it   is   seen   that   the  placing  of  the 
**  porphyritic  gneiss  "  so  low  in  the  geological  scale  was  largely 
due  to  the  prevalence  of  two  pernicious  doctrines  then   held  in 
the  study  of  crystalline  schists.     The  application  of  the  **  litho- 
logical  canon  '*  was  a  constant  feature  in  the  efforts  of  the  sec 
ond  survey  to  work  out  their  difficult  field.     The  coarse  granitic 
gneisses,  the  augen-gneiss,  and  the  andalusite-gneiss  were  each 
supposed  to  be  represented  in   the   typical   Laurentian   of  the 
better   known    regions,  thereby  establishing  synchrony.     Again 
the  distinct  foliation  in  many  parts  of  the  "  porphyritic  gneiss  " 
led  to  the  other  serious  error  of  considering  the  rock  as  a  meta- 
morphosed sediment,  which  still  preserved  traces  of  its  original 
planes  of  stratification.'     This  position   being  taken,  it  was  but 
natural  to  look  for  structural  relations  with  the  surrounding  for- 
mations, and  at  many  contacts,  the  greater  antiquity  of  the  por- 
phyritic rock  would  often  appear  evident.     Needless  to  say,  how- 
ever, in  the  light  of  present  knowledge,  that  all  such  reasoning 
is  without  foundation  so  far  as  it  refers  to  large  isolated  areas  of 
thoroughly    crystalline    schists.      Thus    the    character    of    the 
terrane  had  to  be  determined  by  other  methods.    The  latter  wxre 
very  sparingly  used  by  the  survey,  and  consequently  its  final  con- 
clusions assigned  to  the  ** porphyritic  gneiss"  the  very  important 
position  of  a  foundation  member  in  the  entire  geological  series. 
The  interpretation  of  other  terranes  was,  of  course,  greatly  influ- 
enced by  this  fundamental  idea.     The  survey  fixed  the  geologi- 
cal  position  of  the   Bethlehem  gneiss,^  and  of  the  Montalban 
group  and  the  Lake  Winnipiseogee  gneiss  ^  directly  by  reference 
to  the  **  porphyritic  gneiss,"  and  the  later  succession  was  corre- 
spondingly affected.     In  fact.  Professor  T.   Sterry  Hunt's  con- 
ception   of    and    nomenclature    of   the    Montalban    group    was 
founded  on  the  conclusion  that  there  is  this  demonstrable  Lau- 
rentian in  New  Hampshire. *♦ 

'  Geol.  of  N.  H.,  Vol.  II.  p.  99. 

*  1 87 1.     See  Geol.  of  N.  H.,  Vol.  I,  p.  34  ;  Vol.  il,  p.  452. 
''  Ibid.y  Vol.  II,  pp.  564,662. 

*  Geol.  Mag.,  1887,  p.  1499  ;  Nature.  Sept.,  1888,  p.  521. 
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We  have  already  referred  to  some  hints  of  an  igneous, 
intrusive  origin  for  the  **  porphyritic  gneiss,"  that  were  given  by 
the  survey  officers.  Similar  suggestions  appear  in  many  parts  of 
the  different  reports.'  The  facts  described  in  these  passages 
were  supposed  to  be  explained  on  the  mctamorphic  theory  as 
being  characteristic  of  only  those  parts  of  the  ancient  stratified 
rocks  which  had  been  altered  to  the  extent  of  complete  fusion. 

In  his  address  as  vice  president  of  section  E  of  the  Amcii- 
can  Association  in  1883,  Professor  Hitchcock  expressed  some 
modification  of  his  earlier  opinions  on  the  origin  of  the  por- 
phyritic gneiss.  He  said  :  **  A  careful  study  of  the  crystalline 
rocks  of  the  Atlantic  slope  indicates  the  presence  of  scattered, 
ovoidal  areas  of  Laurentian  gneisses.  Those  best  known  have  been 
described  in  the  geology  of  New  Hampshire.  Instead  of  a  few 
synclinal  troughs  filled  to  great  depths  with  sediments,  the  oldest 
group  is  disposed  in  no  less  than  twenty-two  areas  of  small  size, 
scattered  like  the  islands  in  an  archipelago.'  There  are  no 
minerals  in  these  Laurentian  islands  that  do  not  occur  in  eruptive 
granite  ;  and  the  schistose  structure  is  often  so  faint  that  the 
field  geologist  need  not  be  blamed  if  he  acknowledges  his  inability 
to  detect  it.  Likewise  we  discover  the  same  fluidal  inclusions 
and  the  vacuoles  that  pertain  to  granite. "3  Comparing  these 
islands  to  volcanic  oceanic  islands  of  the  present  day,  he  suggests 
that  the  foliation  of  the  porphyritic  gneiss  may  be  the  result 
of  the  superposition  in  quaquaversal  sheets  of  lava  about  each  vol- 
canic cone,  aided  by  flows  of  mud  and  wear  by  water  between 
igneous  flows.  In  this  way  we  might  have  a  *'  concentric  stati- 
form  arrangement  in  the  whole  mass."  Subsequent  metamor- 
phism  by  heat  and  pressure  would  lead  to  the  development  of 
new  minerals  in  foliated  beds. 

The  next  important  notice  of  this  formation  a[)pears  in  VVhit- 
nev  and  Wadsworth's  "  Azoic  svstem."*     Thev  instituted  a  close 

'  See  (ieol.  of  N.  II.,  I,  pp.  27,  33  ;  II,  pp.  102,  472,  520. 

'  Proc.  A.  .\.  A.  S.  1883.  K..  p.  180. 

3  Op.  cil..  p.  187. 

*  Hull  Mus.  Clomp.  Zuol.,  Harvard  College,  Vol.  VII,  1S84.  p.  383  ff. 
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criticism  of  the  general  methods  of  the  New  Hampshire  survey, 
and  looked  with  especial  disfavor  upon  the  liberal  use  of  the 
**  lithological  canon,"  as  accepted  by  the  members  of  that  survey. 
A  convenient  resume  of  the  various  classifications  proposed  for 
New  Hampshire  rocks  is  given  in  tabular  form  at  page  396  of 
the  memoir.  The  possibility  of  an  eruptive  origin  for  the 
*'porphyritic  gneiss  "   was  remarked  by  the  authors. 

In  1884  Professor  Hitchcock  stated  that  *'all  thoroughly 
crystalline  series  of  the  Atlantic  region  are  of  Eozoic  age."' 
Two  years  later  he  edited  the  *'  Geological  Map  of  the  United 
States,"  in  which  the  "porphyritic  gneiss"  is  colored  as  Lauren- 
tian.'  A  somewhat  full  account  of  his  opinions  on  the  forma- 
tion was  given  in  a  paper  on  the  "  Significance  of  Oval  Gran- 
itoid Areas  in  the  Lower  Laurentian,"^  from  which  it  is  evident 
that  in  1890  Professor  Hitchcock  held  practically  the  same  views 
on  the  present  subject  as  those  which  he  published  in  1883. 

While  the  present  paper  was  in  process  of  preparation  the 
last  word  on  the  formation  was  given  by  Professor  Hitchcock  in 
this  Journal.  After  tracing  in  a  general  way  the  history  of 
geological  surveying  in  New  Hampshire,  he  makes  the  following 
significant  statement  of  a  changed  point  of  view :  '*The  question 
now  arises,  how  can  our  early  classification  [of  the  rock  series] 
be  improved  ?  It  is  eighteen  years  since  the  New  Hampshire 
report  was  published,  and  there  are  many  new  workers  in  the 
field,  all  placing  great  reliance  upon  pctrographical  principles, 
such  as  were  inaugurated  in  Dr.  Hawes*  report.  Some  are 
advocates  of  extreme  metamorphism,  and  hence  the  conclusions 
are  not  harmonious.  It  seems  to  us  that  our  early  views  may 
be  modified  by  the  following  principles:  (i)  The  mineral 
characters  of  crystalline  rocks  are  not  a  sure  guide  to  geological 
age.  (2)  Protogenes,  diabases,  and  diorites,  more  or  less  inter- 
stratified  with  hydro-micas,  are  of  true  igneous  origin.     (3)  The 

'Trans.  Am.  Inst.  Min.  Eng.  XII,  1884,  p.  68.  Cf.  a  paper  in  Proc.  A.  A.  A.  S.  of 
the  same  year  (p.  396)  where  he  again  holds  the  porphyritic  gneiss  to  be  Laurentian. 

'Trans.  Am.  Inst.  Min.  Eng.,  Vol.  XV,  1886,  p.  465. 

3  Bull.  Geol.  Soc.  Am.,  I,  1890,  p.  557. 
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Archaean  gneisses  and  protogenes  may  also  be  of  igneous  origin, 
and  their  apparent  stratification  has  no  connection  with  sedi- 
mentary or  chemical  deposition,  etc Applying  such  prin- 
ciples to  the  classification  of  the  rocks  of  northern  New  England, 
we  may  improve  on  the  report  in  several  particulars,  (i)  Arch- 
aean rocks  are  not  eliminated  from  our  list.  They  exist  as  oval 
areas,  such  as  have  been  indicated  in  the  Stamford  gneiss,  and 
south  of  Mount  Killington,  Vt.,  in  the  Hinsdale,  Mass.,  area,  the 
Hoosac  Mountain,  and  elsewhere.  I  recognize  the  porphyritic 
gneiss  in  the  Stamford  rock,  and  in  the  Hoosac  tunnel  as  Arch- 
aean. (2)  Our  hesitancy  about  the  place  of  the  Bethlehem 
gneiss  is  met  by  recent  observations.  They  are  batholites,  con- 
taining inclusions  of  the  adjacent  mica-schists.  It  does  not 
follow  that  all  these  protogene  areas  arc  of  the  same  character ; 
each  one  must  be  studied  by  itself.'*' 

However  satisfactory  such  conclusions  may  be  in  their  appli 
cation  to  most  of  the  formations  in  the  state,  a  clear  statement 
of  the  true  relations  of  the  porphyritic  gneiss  has  not  yet  been 
made.  The  author's  recognition  of  the  correct  methods  which 
must  be  used  in  interpreting  crystalline  schists  has  as  yet  not 
been  supplemented  very  largely  by  their  positive  exercise  in  the 
field,  and  the  implication  in  the  foregoing  extract  that  the 
Archjiean  appears  in  the  state  in  **oval  areas,"  either  igneous  or 
non-igneous,  is  still  without  demonstration. 

\Vc  shall  hereafter  adhere  to  the  name  porphyritic  granite, 
for  the  rock  under  discussion  instead  of  porphyritic  gneiss 
which  has  been  so  far  used.  As  will  appear  later,  the  former 
name,  while  not  embodying  all  the  generalized  features  of  the 
rock,  is  preferable  to  the  oflficial  one  of  the  second  geological 
survey. 

Geographical  distribution, — The  porphyritic  granite,  as  shown 
on  the  survey  maps,  occupies  four  large  areas  with  several 
smaller  ones.  Of  these  the  largest  one  extends  from  Mount 
Monadnock,  N.  5°  E.  to  the  northern  flank  of  Cardigan  Moun- 
tain,  a  distance  of  sixty   miles ;  while  it  varies  from  three  to 

*  Tlie  Geolojfv  of  New  Ilampsliire.     Jour.  Gkoi..,  Chicago,  Vol.  IV,  1896,  p.  57. 
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twelve  miles  in  width.  Since  this  occurrence  covers  more  than 
four  times  as  many  square  miles  as  any  other,  it  may  well  be 
called  the  **  Main  area/'  Associated  with  it  in  Sullivan,  Merri- 
mack, and  Hillsboro  counties,  are  some  half  dozen  much  smaller 
outcrops  of  the  same  rock  which  are  surrounded  by  schists,  and 
are  thus  outliers  from  the  larger  mass.  Twelve  miles  west  by 
south  of  Mount  Monadnock,  a  second  important  mass  of  regular 
elliptical  or  oval-shape  cuts  cross  the  Ashuelot  division  of  the  Bos- 
ton and  Maine  railroad.  The  longer  axis  runs  north  and  south, 
and  is  about  ten  miles  long,  while  the  shorter,  transverse  to  the 
former,  is  six  miles  long.  From  the  village  of  Ashuelot,  situated 
on  porphyritic  granite,  we  shall  derive  a  distinctive  name,  and 
call  this  the  **  Ashuelot  area."  The  survey  has  mapped  a  large 
**  White  Mountain  area."  which  is  distributed  in  irregular  elonga- 
ted form  at  the  north  of  the  Main  area  from  Mount  Stinson  to 
Mount  Lafayette.  Some  twenty  miles  long,  it  also  varies  con- 
siderablv  in  width,  being  onlv  a  mile  wide  near  the  Profile 
House,  but  broadening  out  to  six  miles  at  the  Kinsman  Notch. 
From  there  a  long  tongue  of  the  rock  runs  southerly  down  the 
vallev  of  the  Pcmisrewasset  River.  The  strike  of  this  area  is 
like  that  of  the  Main  area,  a  few  degrees  east  of  north.  Follow- 
ing the  common  axis  of  both  areas  northward  from  the  Profile 
House,  a  small  but  important  ** Littleton  area'*  of  some  eight 
or  ten  square  miles  in  extent,  appears  near  the  town  of  Littleton. 
The  fourth  widespread  occurrence  of  the  porphyritic  granite  is 
found  in  another  irregular  mass  thirtv  miles  long,  and  from-  one 
to  eight  broad,  running  parallel  to  the  Main  area  from  Laconia 
to  Waterville.  This  mav  be  referred  to  as  the  '*  Winnipiseogee 
area."  from  its  proximitv  to  the  beautiful  lake  of  that  name. 

The  verv  local  outcroppings  ot  this  rock  in  other  parts  of  the 
state  are  in  point  of  size  insignificant,  but  they  are  of  value  in 
helpinir  to  determine  the  relations  of  the  whole  formation.  Nota- 
ble among  these  are  the  small  patch  on  the  top  of  Mount  Prospect 
west  ot  Squam  Lake  and  the  long  dikelike  mass  north  of  New- 
Boston  in  Hillsboro  countv.  The  grounds  for  coloring  in  the 
mass   ot   porphvriiic   granite   at    the    southeast    base  of   Mount 
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Monadnock  did  not  appear  to  be  corroborated  by  the  present 
writer  in  a  somewhat  careful  study  of  that  region.  The  mantle 
of  glacial  drift  is  there  very  heavy,  but  the  few  outcrops  which 
were  discovered  seemed  to  prove  the  bedrock  to  be  of  the  same 
nature  as  the  schists  round  about.  Again,  a  visit  to  Mount 
Osceola  showed  that  the  area  of  porphyritic  granite  plotted  on 
the  survey  map  as  occurring  on  its  southern  side  is  really 
occupied  by  the  same  coarse-grained  hornblende-granite  which 
occurs  in  the  bed  of  Mad  River,  the  '* Conway  Granite"  of  the 
survey. 

So  great  being  the  extent  of  the  formation,  it  was  impossible 
in  the  time  at  the  disposal  of  the  writer  to  make  a  close  exam- 
ination of  all  parts  of  the  porphyritic  granite.  Accordingly, 
most  of  the  observations  in  the  following  pages  refer  to  three 
areas,  the  study  of  which  promised  to  be  most  fruitful  in  the 
problem  before  us.  Those  selected  were  the  Winnipiseogce 
area,  the  Ashuelot  area,  and  the  contact  of  the  Main  area 
from  the  town  of  Jaffrey  to  Henniker  on  the  Peterboro  and 
Hillsboro  branch  of  the  Boston  and  Maine  Railroad.  We  shall 
consider  these  areas  separately,  treating  of  the  geological  results 
obtained  in  each  along  with  certain  other  facts  whose  arrange- 
ment would  be  difficult  by  any  other  method  of  discussion. 

Brief  description  of  the  porphyritic  granite. —  General  macro- 
scopical  descriptions  of  the  granite  arc  given  in  several  parts  of 
the  *' Geology  of  New  Hampshire."  The  rock  is  remarkably 
simple  in  its  phasal  differentiation ;  so  far  as  a  considerable 
collection  shows,  there  are  only  two  important  variations  in 
it  throughout  its  whole  extent.  It  may  be  either  a  porphy- 
ritic granitite  or  a  porphyritic  granite  proper,  and  either  of 
them  may  have  the  foliated  structure.  They  pass  into  each 
other  by  insensible  gradation  in  all  the  areas  and  it  seems  to  he 
impossible  to  map  them  separately.  With  the  exception  of  this 
and  a  few  other  variable  features  noticed  in  the  se(|uel,  the  por- 
phyritic granite  is  essentially  uniform  ;  it  is  thus  possible  to  dis- 
miss its  characterization  in  a  comparatively  summary  manner. 
In  a  future  pa|;er,  the  author  hopes  to  give  an  account  of  certain 
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petrographical  features  whose  description  here  is  not  rendered 
either  advisable  or  necessary  for  our  present  purpose. 

The  name  "porphyritic  granite"  for  this  rock  is  regarded  as 
the  best  available  one  both  on  the  ground  of  inherent  meaning 


>ti)gta))li  of  a  i-jieciiiii:)]  <i[  the  porpliyiitic  granite — ^obtained  ne 
tnn  Centre  —  iiliislraling  general  habit  of  granitic  pbase,  twinned  phen 


and  of  precedent.  The  composition  and  order  of  crystallization 
make  it  a  true  granite  rather  than  a  gneiss  although  the  pseudo- 
schistose  structure  is  so  generally  present.  For  very  similar 
rocks,  the   names  "  granite-porphyry,"  "gneissic  granite,"  etc., 
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have  been  employed.  It  seems  best  to  use  the  original  name  at 
first  used  by  each  of  the  New  Hampshire  surveys  and  in  this  we 
follow  the  nomenclature  of  Lehmann,  Sedcrholm,  GiJmbet  and 
others  who  have  dealt  with  very  similar  rocks. 


clL'sva^L-s,  patallel  (o  /'ami  M. 


The  granite  is  always  striking  and  handsome  in  appearance 
The  groundmass  is  a  coarse-grained,  light  tiniark  grav,  granular 
aggregate  of  ({iiartz  and  feldspar  intcrsperset!  with  flecks,  lilotclies 
and  lines   of   greenish    musc<ivite   and  brilliant   brown    biotite. 


i 
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Within  are  embedded  the  lustrous  phenocrysts  which  generally, 

though  not  always,  lie  in  the  foliation  plane  when  the  rock  has 
•  the  plane-parallel  structure. 

j  The  phenocrysts  are  glassy  to  opaque  white  and  seem  to  be 

I  in  every  case  either  orthoclase  or  microcline,  which  may  be  inter- 

I    -  grown  with  another  (triclinic)  feldspar  in  the   usual  microper- 

thilic  fashion.  The  largest  ones  are  as  much  as  twelve  centi- 
meters long.  The  usual  habit  is  that  of  simple  Carlsbad  twins. 
They  present  straight  edges  to  the  surrounding  matrix,  giving  the 
planes  (001)  (010)  (no)  and  (lOi).  This  idiomorphic  appear- 
ance is  often  lost  in  the  slide  through  the  great  amount  of  resorp- 
tion and  marginal  corrosion.  Occasionally  small  shreds  of  biotite, 
a  minute  individual  of  apatite,  or  a  few  grains  of  quartz  may 
appear  in  the  core  of  the  feldspar,  but  as  a  rule  it  is  notably  free 
from  primary  inclusions.  The  results  of  decomposition  are  nor- 
mal. The  changing  to  a  reddish  hue  is  common  in  some  weath- 
ered phases. 

The  matrix  of  the  rock  is  simply  a  typical  coarse  granitite 
on  the  one  hand  or  a  granite  proper  (in  the  classification  of 
Rosenbusch)  on  the  other,  in  either  case  with  or  without  the 
foliated  structure.  The  feldspars  have  the  same  general  charac- 
ters as  those  of  the  earlier  generation  except  that  a  triclinic 
feldspar,  probably  andesine,  now  appears  as  an  independent  con- 
stituent. Quartz,  biotite  and  muscovite  constitute  the  other 
essentials. .  Large  but  relatively  few  individuals  of  magnetite, 
titanite,  apatite  and  zircon  are  accessory.  The  quartz  and  feld- 
spars are  roughly  equidimensional  with  diameters  becoming  as 
much  as  a  centimeter  in  length ;  in  fact  the  feldspars  are  often 
transitional  into  the  phenocrysts.  Quartz  very  often  crystallized 
simultaneously  with  the  feldspars  resulting  in  the  formation  of 
a  true  micropegmatite  which  is  extremely  common  in  slides  of 
the  granite  from  all  the  areas.  It  is  best  shown  in  specimens 
collected  along  the  railroad  from  Hinsdale  to  Ashuelot.  There 
can  be  little  doubt  that  the  structure  is  primary  in  the  formation 
as  a  whole.  It  is  possible,  however,  that  in  zones  of  stress 
the  development  of  the  structure  has  been  aided  by  the  meta- 
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morphic  cause  of  crushing,  as  described  by  Howitt,  Hobbs  and 
other  writers. 

The  proportions  of  phenocrysts  to  matrix  and  of  acid  to  basic 
constituents  are  quite  constant  in  the  porphyritic  granite.  The 
latter  relation  is  that  usually  found  in  most  highly  acid  granites. 
Now  and  then,  a  well-foliated  segregational  mass  of  biotite, 
(]uartz,  much  titanite  and  apatite,  wrapping  about  phenocrystic 
cores  of  feldspar,  may  be  encountered.  Again,  a  phase  of  the 
rock  nearly  devoid  of  phenocrysts  is  not  rare,  although  quanti- 
tatively it  is  insignificant  as  compared  with  the  porphyritic 
phiisc.  Both  of  these  variations  from  the  type  will  be  discussed 
in  what  follows. 

Field  relations:  The  Winnipiseogee  area. —  The  general  dis- 
tribution of  the  porphyritic  granite  in  the  Winnipiseogee  area  is 
described  at  length  in  **The  Geology  of  New  Hampshire."' 

The  topography  of  the  area  is,  on  the  whole,  not  of  a  very 
definite  nature.  The  greater  reliefs,  which  vary  from  800  to 
1500  feet  above  sea  level,  are  without  distinct  trends,  and  art* 
the  forms  which  might  be  expected  as  the  result  of  eioding  a 
massive  rock  of  pronounced  hon^ogeneity.  Upon  this  rolling 
ground  the  glacial  drift  has  been  deposited  in  unusual  thick- 
ness, especially  in  the  southern  half  of  the  area,  where  the  hills 
are  commonly  composed  of  washed  drift  and  till.  Correlative 
with  glacial  reliefs  are  the  glacial  depressions  seen  in  the 
numerous  lakes  and  ponds  which  make  such  picturesque  variety 
in  the  landscape  of  Carroll  county.  These  modern  deposits 
make  it  difficult  to  work  out  the  relations  of  the  bed-rocks. 
The  variety  of  outcrops  in  many  parts  renders  the  determmation 
of  contact  lines  almost  impossible,  and  it  is  largely  to  this  cause 
that  the  suppositional  nature  of  some  of  them  is  due. 

The  geological  relations  of  the  Winnipiseogee  area, — The  sur- 
vey map  places  the  porphyritic  granite  of  this  area  in  contact 
with  the  Lake  Winnipiseogee  gneiss,  the  Montalban  group  of 
schists,  the  Rockingham  mica-schist,  and  the  various  eruptive 
masses  of  Waterville.      For  convenience  we  shall  briefly  indicate 

*  Vol.  II,  p.  592. 
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the  facts  of  field  observation  which  have  been  adduced  in  con- 
nection with  each  of  these  formations. 

The  porphyritic  granite  in  contact  with  the  Lake  Winnipiseogee 
gneiss. —  Close  by  Gilford  Station,  on  Smith's  Neck,  the  bound- 
ary line  of  the  porphyritic  granite  and  the  Winnipiseogee  gneiss 
appears,  and,  so  far  as  known,  this  is  its  most  southerly  exten- 
sion in  this  district.  It  is  a  typical  acid  biotite-gneiss  at  this 
place,  elsewhere  muscovite  may  be  found.  A  few  of  the  out- 
crops are  significant.  Here  and  there  in  the  porphyritic  granite 
masses  of  rock  very  similar  to  the  main  body  of  the  schist  occur 
in  a  horselike  relation,  although  nowhere  could  the  actual  contact 
be  found,  and  thus  render  possible  a  proof  of  that  derivation  of 
the  masses.  On  Governor's  Island,  two  miles  to  the  westward, 
a  large  outcropping  of  a  coarse  muscovite-biotite-gneiss  occurs. 
This  is  a  typical  representative  of  the  Lake  Winnipiseogee  gneiss, 
and  this  mass  is  completely  surrounded  by  porphyritic  granite 
for  a  distance  of  at  least  a  quarter  of  a  mile  in  all  directions. 
About  that  distance  from  this  outcrop  of  schist,  the  real  contact 
of  the  porphyritic  granite  and  Lake  Winnipiseogee  gneiss  was 
found,  and  it  became  evident  that  in  the  first  occurrence  we  had 
to  deal  with  an  outlier  removed  by  some  means  from  the  parent 
schist  terrane.  This  relation  could  hardly  be  explained  except 
on  a  hypothesis  of  the  igneous  intrusion  of  the  coarser  rock  in 
which  the  schist  was  enclosed  as  a  great  horse.  The  truth  of 
this  supposition  was  strengthened  by  the  discovery  of  two  marked 
apophyses  of  the  porphyritic  granite  running  into  the  inclusion. 
Returning  to  the  molar  contact,  a  corroboration  of  our  conclusion 
from  a  study  of  the  outlier  appears  in  a  clearly  defined  tongue 
of  the  porphyritic  granite  which  can  be  traced  for  some  dis- 
tance into  the  schist.  Whereas  on  Smith's  Neck  the  porphyritic 
granite  was  largely  granitic,  here  a  well-defined  foliation  char- 
acterizes the  rock.  The  strike  of  the  foliation  planes  is  N.  3°  E., 
and  the  dip  is  82°  to  the  east.  It  is  noteworthy  that  the  strike 
and  dip  of  the  schistosity  in  the  adjacent  schist  is  the  same.  In 
other  words,  there  is  an  apparent  conformity  between  them.  At 
several  places  among  the  numerous  outcrops  of  porphyritic  gran- 
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ite  on  the  island,  very  coarse  pegmatitic  dikes  appear  which  are 
similar  to  the  granite,  and  do  not  appear  to  belong  to  the  class 
of  pegmatite  veins  of  segregational  origin  so  common  in  the 
crystalline  area  of  the  state. 

About  a  mile  and  three-quarters  from  Weirs  there  is  a  small 
inlet,  on  the  south  side  of  which  the  porphyritic  granite  is  in 
contact  with  a  dark  coarse-grained  gneiss.  This  seems  to  be 
equivalent  to  the  Lake  Winnipiseogee  gneiss.  It  is  cut  by  an 
apophysis  of  the  porphyritic  granite,  and  a  horse  of  the  schist 
can  be  seen  on  the  bare  ledges  enclosed  within  the  other  rock. 
Again,  as  on  Governor's  Island,  there  is  an  apparent  conformity 
of  position. 

Just  across  Meredith  Bay,  on  Spindle  point,  an  interesting 
contact  occurs.  The  porphyritic  granite  outcrops  occasionally 
on  and  about  the  road  from  Meredith  with  pretty  definite  folia- 
tion, the  strike  varying  from  N.  20°  E.  to  N.  40°  E.,  the  dip 
high,  but  changing  from  easterly  to  westerly  in  an  irregular 
fashion.  On  the  top  of  the  hill  at  which  the  road  ends,  an 
solated  mass  of  another  rock  is  conspicuously  displayed  in  the 
well-smoothed  ledges.  It  is  dikelike  in  its  form,  being  fully 
four  hundred  yards  long  and  from  ten  to  twenty  wide.  There 
is  a  distinct  schistosity  with  its  planes  parallel  to  the  longer 
axis  of  the  mass  which  strikes  S.  40°  W.  The  dip  is  high 
at  about  75°  to  the  southeast,  making  an  apparent  conformity 
with  the  enclosing  porphyritic  granite,  which  is  here  well  foli- 
ated. Within  a  distance  of  300  yards  south  of  this  long  band, 
and  oriented  with  the  longer  axis  parallel  to  it,  smaller  bodies 
of  the  same  rock  occur,  again  completely  enclosed  by  porphy- 
ritic granite.  They  have  the  same  pronounced  structure-planes 
with  a  similar  relation  to  the  foliation  of  the  country  rock. 
From  the  hill  to|)  the  largest  of  all  these  parallel  bodies  strikes 
toward  a  larger  body  of  the  same  rock.  Like  the  other,  this 
mass  is  characterized  by  a  strong  gneissic  structure.  It  also  pos- 
sesses an  elongated  form.  We  have  here  to  deal  with  a  number 
of  horses  immersed  in  a  once  molten  magma  which  chrystallized 
out  as  porphyritic  granite.     The  patent  differences  of  grain  and 
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structure,  the  sharp  boundary  between  the  two  rocks,  the  irreg- 
ular thinning  and  thickening  along  the  length  of  the  inclusions, 
all  point  to  this  belief.  Here  and  there,  within  their  boundaries, 
obscure  apophysal  extensions  of  the  coarser  rock  may  be 
observed.  But  this  conclusion  reaches  practical  certainty  when 
the  molar  contact  of  the  porphyritic  granite  and  the  **  Lake 
Winnipiseogee  gneiss*'  is  studied.  The  latter  is  seen  to  be  pre- 
cisely the  same  coarse-grained  biotite-gneiss  as  that  in  the 
inclusions,  except  for  certain  differences  which  can  be  explained 
as  due  to  exomorphic  change  wrought  by  the  porphyritic 
granite.  Apophyses  of  the  latter  may  be  seen  at  the  neck  or 
isthmus  of  the  peninsula  cutting  the  gneiss.  An  important  rela- 
tion subsists  between  this  line  and  the  arrangement  of  horses  on 
the  hill.  Not  only  are  they  parallel  to  one  another,  but  they  lie 
parallel  to  the  line  of  molar  contact. 

Trajisitioji  zone  at  CeJttre  Harbor. — At  Centre  Harbor  the 
gneiss  lies  on  the  east  side  of  the  boundary  and  at  some  dis- 
tance from  it  is  the  usual  coarse-grained  muscovite-biotite 
rock  of  the  Lake  Winnipiseogee  gneiss  terrane.  Its  foliation 
planes  strike  N.  15°  W.,  and  the  dip  is  about  60 "^  easterly.  As 
one  approaches  undoubted  porphyritic  granite  through  a  dis- 
tance of  fifteen  feet  from  the  contact,  one  notes  the  large  ortho- 
clase  and  microcline  feldspars  two  inches  long,  which  normally 
are  confined  to  the  porphyritic  granite,  now  scattered  through 
the  finer-grained  rock  with  their  longer  axis  parallel  to  its 
schistosity.  They  grow  more  numerous  as  the  porphyritic 
granite  is  nearcd,  until  finally  some  four  or  five  yards  from  their 
first  appearance,  the  outcropping  rock  is  typical  porphyritic 
granite.  It  possesses  the  same  strike  and  dip  as  the  gneiss, 
being  well  foliated.  There  is  thus  a  complete  and  slow  gradua- 
tion of  the  one  terrane  into  the  other,  making  it  impossible  to 
draw  any  line  between  them. 

Transition  zone  near  New  Hampton  Station. —  A  similar  zone 
of  transition  between  these  two  terranes  occurs  a  mile  and  a 
quarter  from  New  Hampton  Station  on  the  road  running  south- 
east from  the  station.     The  zone  of  passage  is  here  much  wider 
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than  at  Centre  Harbor,  but  the  properties  of  its  magmalike 
gneiss  with  the  sprinkling  of  large  porphyritic  crystals  of  feld- 
spar are  identical  with  those  of  the  other  locality.  As  a  rule, 
there  is  a  sharp  contact  between  the  porphyritic  granite  and  the 
invaded  rocks,  like  that  which  in  general  characterizes  plutonic 
bodies.  These  belts  of  transition  have  at  first  sight  a  puzzling 
appearance.  That  they  are,  in  reality,  eruptive  contacts  seems, 
however,  to  be  unquestionable.  Durocher  long  ago  noted  such 
an  intimate  union  along  the  boundary  of  gneiss  cut  by  stock- 
granite.  He  considered  the  temperature  of  the  igneous  rock  in 
such  instances  sufficiently  high  to  produce  a  melting  up  of  the 
gneiss  the  **  particules  "  of  which  ''ont  du  poss^der  une  assez 
grande  mobilite,  et  cristalliser  a  peu  pres  dans  les  monies  condi- 
tions que  les  molecules  du  magma  granitiques.'  In  his  **  Geog. 
Beschreibung  Bayerns,"*  Giimbel  speaks  of  there  being  numer- 
ous transitions  from  **  bunter  gneiss  *'  to  **  bunter  granit  "  which 
cuts  the  former.  Michel-L^vy  has  very  clearly  discussed  the 
phenomenon  in  general.  He  says  :  ^  **  C'est  ici  le  cas  de 
remarquer  que  lorsque  deux  grandes  masses  de  roches  acides  se 
touchent,  le  plus  souvent  elles  se  trouvent  reunies  par  une  zone 
de  passage  plus  ou  moins  puissante,  dans  laquelle  les  caracteres 
pdtrographiques  des  deux  roches  sont,  pour  ainsi  dire,  confondus 
ct  melanges.*     In  the  same  paper  from  which  this  quotation  has 

been  taken,  the  author  cites  many  examples  of  such  transition, 
among    which    that    from    granite    to    gneiss  5    and    that    from 

granite  to  **micro-granulite  '*  may  be  especially  mentioned.     He 

explains  them  as  due  to  an  impregnation  of  the  older  rock  by 

•*  les  elements  fluides  en  voic  de  degagement  "  from  the  igneous 

rock.     When  the  temperature  and  pressure  are  suitable,  a  part 

*  Mdm,  de  la  Soc.  Gdol.  de  France,  2^  sdr.  t.  VI,  p.  47. 

'Abtheil.  II,  p.  272. 

'  Hull,  de  la  Soc.  Gdol.  dc  France,  3«  sdr.,  t.  VII,  I878-9,  p.  852. 

<Cf.  Ch.  Vdlain,  Conferences  de  Petrographie.     Paris,  1889,  p.  6. 

5  Cf.  Lkhmann,  Untersuch.  iiber  die  Ent.  der  alt.  kryst.  Schiefergesteme,  p.  76. 
Grkcory,  Q.  J.  Geol.  Soc,  1894,  p.  260  ff.  Harrow  has  noted  a  complete  amalga- 
mation at  the  contact  of  granitite  and  diorite,  of  which  the  former  is  the  intrusive 
member,  Q.  J.  Geol.  Soc,  1892,  p.  121. 
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of  the  constituents  of  the  older  rock  will  become  mobile  and 
will  tend  to  assume  the  same  structure  as  those  of  the  second 
period  of  consolidation  in  the  younger  rock. 

McMahon  pointed  out  how  difficult  it  was  to  explain  the  pres- 
ence of  zones  of  transition  about  the  Dalhousie  granite  of  the 
Himalayas  in  some  places  and  their  absence  in  others  on  the 
old  metamorphic  theory  of  the  central  gneiss.  He  favored 
the  opinion  that,  whether  a  zone  of  passage  characterizes  the 
contact  or  not,  depends  on  the  closeness  of  mineralogical  simi- 
larity between  the  Dalhousie  granite  and  the  invaded  strata. 
Only  in  places  where  the  latter  had  been  regionally  metamor- 
phosed did  he  find  the  appearance  of  gradual  change  from  the 
granite  into  the  country  rock.  The  transition  zone  described 
by  Lawson  between  the  Laurcntian  gneiss  and  hornblende-schist 
in  Rainy  Lake  region  is  so  similar  to  the  zones  of  the  porphyritic 
granite  that  it  will  be  well  to  read  his  own  words  on  the  subject : 
**  Within  the  hornblende-schist,  distinctly  recognizable  as  such, 
there  may  occasionally  be  detected  large  crystals  of  red  feldspar, 
which  is  quite  foreign  to  these  rocks,  as  if  the  feldspathic  magmas 
had  penetrated  within  the  schist  and  crystallized  there  in  the 
same  large  crystals  in  which  they  are  wont  to  appear  in  the 
coarse  gneiss."' 

These  authentic  determinations  of  transgressive  junctions 
between  plainly  eruptive  rocks  and  their  respective  country 
rocks,  coupled  with  the  expectation  that  they  should  appear  in 
contacts  of  that  nature,  lead  us  to  follow  Gregory  '  in  concluding 
that  they  may  form  a  useful  criterion  for  a  decision  on  an 
eruptive  origin  for  massive  rocks.  So  far  as  this  principle  is 
concerned  then,  the  porphyritic  granite  can  be  eruptive. 

The  foregoing  description  of  contact  phenomena  seems  to 
us  to  indicate  that  the  porphyritic  granite  has  been  intruded  into 
the  schistose  rocks  which  have  been  grouped  together  in  the 
terranc  of  the  Lake  Winnipiseogcc  gneiss  by  the  survey.  This 
conclusion  is  forced  upon  one  as  well  in  the  study  of  the  northern 

*  Ann.  Rep.  iJeol.  Surv.  Canada,  1887-8,  Part.  F.  p.  33. 
=  Q.  J.  Geol.  Soc,  1894,  p.  262. 
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extension  of  the  **  fishhook  "  as  in  the  southern  part  to  which 
attention  has  been  so  far  called. 

The  porphyritic  granite  i?i  co7itact  with  the  Montalbmi  group  of 
schists. — We  shall  not  consider  in  this  place  the  grounds  on 
which  the  survey  has  separated  the  Lake  Winnipiseogee  gneiss 
from  the  Montalban  group.  Our  field  observations  have  shown 
us  pretty  clearly  that,  although  the  lithological  characters  of 
the  two  terranes  may  be  on  the  whole  different,  any  distinc- 
tion between  them  from  a  supposed  difference  of  age  is  as  yet 
without  demonstration.  Be  this  as  it  may,  the  problem  before 
us  can  be  solved  without  either  proof  or  disproof  of  such  a 
contention.  At  many  points  along  the  contact,  the  schists  of 
the  Montalban  group  are  intersected  by  apophyses  from  the 
porphyritic  granite,  and  appear  as  inclusions  in  the  latter  rock. 
The  evidences  of  an  intrusive  origin  for  the  porphyritic  granite 
are  of  the  same  nature  as  in  the  case  of  the  Lake  Winnipise- 
ogee gneiss,  and  are  just  as  conclusive. 

The  Montalban  group  and  porphyritic  granite  come  in  con- 
tact along  the  line  running  from  Long  Bay  to  Great  Bay,  and 
about  one  half  mile  east  of  Great  Bay.  Here  a  number  of 
well-marked  horses  of  the  neighboring  Montalban  gneisses 
occur  in  the  porphyritic  granite.  They  possess  a  thoroughly 
gneissic  structure,  being  as  well  foliated  as  their  parent  mass  less 
than  a  hundred  yards  away.  In  this  case  the  horses  are  not 
elongated  and  do  not  show  any  definite  relation  of  position, 
either  to  one  another  or  to  the  main  contact  line.  Apophyses 
of  i^orphyritic  granite  were  also  discovered  along  this  part  of  the 
boundary. 

An  interesting  occurrence  of  the  gneiss  appears  in  the  road 
on  the  north  side  of  Shaw's  hill.  It  is  isolated  and  completely 
surrounded  by  porphyritic  granite  whose  nearest  molar  contact 
is  nearly  a  mile  away.  This  great  horse  is  highly  schistose,  and 
several  tongues  of  the  granite  here  and  there  cut  across  the 
structure  planes.  The  development  of  garnets  in  the  horse  may 
hint  at  some  degree  of  contact  metamorphism. 

A  second  large  horse  which  is  some  distance  from  its  parent 
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terrane  outcrops  one  mile  and  a  half  north  of  Holderness  on  the 
upper  road.  Here  a  gigantic  slice  of  the  country  rock,  about 
sixty  feet  wide  and  three  hundred  feet  long,  has  been  floated 
off  and  rests  with  its  longer  axis  north  and  south,  i.e.,  parallel 
to  the  molar  contact.  It  is  composed  of  the  usual  biotite  gneiss 
in  which  a  thick  sheet  of  hornblende-gneiss  lies  embedded, 
making  up  most  of  its  mass.  The  latter  has  itself  the  appear- 
ance of  being  an  eruptive  rock  which  is  thus  older  than  the 
porphyritic  granite.  Associated  with  it  are  a  large  number  of 
smaller  biotite  gneiss  fragments  which  have  no  definite  arrange- 
ment, but  make  a  confused  medley  of  discreet  masses  in  the 
porphyritic  rock.  The  whole  looks  like  a  huge  flow  breccia. 
Rather  more  than  a  half  mile  further  north  on  the  same  road, 
there  is  a  breccialike  aggregation  very  similar  to  the  last,  even 
to  its  containing  hornblende-gneiss  folded  up  in  a  large  mass  of 
biotite-gneiss. 

Three  hundred  yards  west  of  where  Dr.  Dana's  road  leaves 
the  four  corners  at  New  Hampton  Centre  we  note  another  of 
those  zones  of  transition  between  the  porphyritic  granite  and 
the  schists  in  contact  with  it.  It  is  some  twenty  feet  wide,  and 
is  strikingly  similar  in  appearance  to  the  case  already  described 
at  Centre  Harbor.  Here  the  schist  is  cut  by  intrusive  tongues 
with  more  or  less  sharp  boundaries.  These  apophyses  run  across 
the  gneissic  planes. 

On  the  extreme  eastern  end  of  the  Sandwich  Mountains 
at  an  elevation  of  about  seven  hundred  feet  above  the  Bear 
Camp  River,  a  remarkable  flow  breccia  or  ''permeation  area"' 
outcrops  in  some  extensive  pasture  fields.  The  rock  presents 
all  the  features  of  a  plutonic  flow.  The  horses  are  here  almc)st 
entirely  hornblende-gneiss,  some  of  them  massive,  both  fine- 
grained and  coarse-grained,  others  distinctly  schistose.  The 
porphyritic  granite  is  on  the  whole  granitic  in  appearance,  but 
at  the  boundaries  of  the  fragments,  the  feldspar  phenocrysts  are 
often  oriented  about  them  in  a  way  which  is  strongly  suggestive 
of  a  flow  structure.     The  usual  trendless  nature  of  its  constitu- 

*  Barrow,  Q.  J.  Geol.  Soc,  1893,  P-  33i- 
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ents  is  also  lost  in  some  of  the  tongues  of  porphyritic  granite 
which  penetrate  the  fragments  in  all  directions.  There  the 
minerals  are  pulled  out  in  planes  parallel  to  the  walls  of  the 
intrusion.  The  source  of  the  hornblendic  inclusions  was  dis- 
covered within  a  hundred  yards  of  the  breccia.  An  unknown 
thickness  of  the  hornblende-gneiss  lies  interbedded  in  the 
biotite-gneiss.  This  great  breccia  outcrops  at  several  places 
through  a  distance  of  three  hundred  yards  along  the  base  of  the 
mountain  and  is  only  one  hundred  yards  from  the  massive 
terrane  of  the  Montalban  group,  which  is  continuous  all  the 
way  from  Morgan  Mountain. 

These  occurrences  of  hornblende-gneiss  in  the  porphyritic 
granite  throw  light  upon  the  **  hornblende  rock  "  which  was  noted 
by  Hitchcock  in  the  Survey  Report'  as  occurring  to  the  east  of 
VVickwas  Pond.  It  covers  altogether  about  an  acre  in  extent. 
The  rock  is  a  hornblende-gneiss  closely  related  in  composition 
to  the  masses  already  described.  It  has  a  strong  schistosity 
which  lies  parallel  to  the  foliation  of  the  granite  enclosing  it. 
The  latter  sends  intrusive  tongues  into  the  gneiss  which  is 
evidently  a  large  floe  of  the  country  rock  moved  far  from  its 
original  source. 

The  small  oval  area  of  the  porphyritic  granite  on  the  top  of 
Mount  Prospect  is  a  stocklike  body  which  suggests  from  its 
position  an  intrusive  origin.  F*ield  study  confirms  this  opinion. 
The  rock  is  typical  of  the  porphyritic  granite  in  composition,  in 
grain,  and  in  the  size  of  the  phenocrysts.  Within  this  por- 
phyritic granite  there  are  embedded  several  horses  of  the  sur- 
rounding Montalban  schists.  The  latter  are  extensively  crum- 
pled, perhaps  by  the  intensity  of  the  granitic  intrusion.  Again 
one  can  notice  the  parallelism  of  the  [)henocrysts  to  the  margins. 

The  porphyritic  i^anite  in  contact  with  the  Rockini^ham  mica- 
schist, —  One  of  the  most  important  localities  in  the  state  to 
suggest  an  intrusive  origin  for  the  porphyritic  granite  is  on 
Saddle  Hill,  where  that  rock  comes  in  contact  with  the  Rock- 
ingham mica-schist.       Here  the  formation  is  composed  of  well- 

*  Vol.  II.  p.  594. 
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foliated,  fine-grained,  muscovite-biotite-schist  with  abundant 
mica.  The  molar  contact  is  found  on  the  eastern  end  of  the 
hill.  It  strikes  N.  25°  W.,  and  is  parallel  to  the  schistosity  of 
the  mica-schist  and  to  the  pronounced  foliation  of  the  por- 
phyritic  granite.  All  the  structure  planes  dip  westward  at  a 
high  angle.  Going  across  the  strike  from  the  contact  toward 
the  |)orphyritic  granite  a  remarkable  series  of  elongated 
horses  of  the  schist  interrupt  the  continuity  of  the  granite. 
They  are  usually  much  longer  than  their  width,  as,  for  example, 
a  largo  one  150  feet  long  by  35  feet  wide,  which  appears  on  the 
west  side  of  the  saddle.  In  most  cases  there  is  a  definite  ori- 
entation of  the  horses  parallel  to  the  contact  line,  while  the 
foliation  of  the  porphyritic  granite  wraps  around  the  inclusion 
in  a  significant  way.  They  are  uniformly  schistose  with  that 
structure  as  well  developed  as  in  the  main  body.  Crumpling  of 
the  horses  is  also  characteristic.  For  about  two  hundred  yards 
cast  of  the  contact,  the  schist  is  cut  by  several  intercalated 
sheets  of  porphyritic  granite,  varying  from  five  to  ten  yards  in 
thickness.  Their  phenocrystic  feldspars  lie  parallel  to  the  walls 
between  which  the  sills  were  intruded.  Similar  sheets  can  be 
found  in  the  pasture  on  the  southern  flank  of  the  hill  and  west 
of  Randlctt  Pond. 

AV/,;rf4'/i  of  t)u  porf'hyritic  ^anitc  to  the  \Vatcn*ilU  cruptives. — 
It  is  probable  that  the  porphyritic  granite  is  older  than  all  of  the 
intrusive  rocks  of  the  Waterville  Mountains.  The  contacts  were 
discovered  in  only  one  place,  namely,  on  the  southern  slope  of 
Mount  Whiteface :  there  the  hornblende-granite  composing  the 
nuHtntain  distinctly  outs  the  [M>rphyritic  granite.  In  the  path 
from  the  Klliott  House,  at  Waterville.  to  the  top  of  the  Sand- 
wich IVme.  many  v^ut crops  of  several  types  of  g:Tanitic  rocks 
present  a  problem  ot  correlation  which  the  writer  has  had  no 
v^i^jX^rt unity  to  Sv^'ve.  I:  is  jx>ssib*.c  :ha:  these  rocks  are  chilled 
i^h,iscs  v^:  the  Conwav  i:ranite :  tor  there  is.  in  the  main,  a  ten- 
vicncv  tv^warvls  a  tx^^rrhvritic  structure  throuchout.  which  on  the 

V,  .-V     .^A.hv.    *.Xvvt..v>    ...V.  *v     .  .  0..0».  ..S.CV..    JL>   V  ..e    JL  J ..  k  v?v*x.*..v>    wUC    LKJI  — 
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(hornblende)  granite  in  the  bed  of  the  Mad  River.  If  this 
hypothesis  be  correct,  the  Conway  granite  is  younger  than  the 
porphyritic  granite,  for  at  about  1800  feet  above  the  river  the 
porphyritic  phase  distinctly  cuts  the  coarser  rock. 

The  Ashuclot  area, — The  country  rock  about  the  porphyritic 
granite  of  the  Ashuclot  area  is  referred  by  the  survey  to  three 
different  formations .  the  Bethlehem  gneiss,  the  schists  of  the 
Coos  group  and  the  Montalban  group.  Specific  reference  to  this 
area  was  made  in  the  second  volume  of  the  Survey  Report. ^     In 

3  P.  470. 
their  general  correlation,  the  survey  considered  the  markedly 
oval  form  of  this  and  other  occurrences  of  the  porphyritic 
granite  as  allying  it  in  point  of  age  to  similarly  shaped  masses 
in  the  Archaean  elsewhere.  Such  a  form  has  a  nearer  homo- 
logue  to  the  batholites  described  by  Emerson  in  western  Massa- 
chusetts, and  as  we  shall  see,  these  similar  forms  have  similar 
origins.  That  the  porphyritic  granite  of  the  Ashuelot  area  is 
eruptive  and  of  an  intrusive  nature  can  be  amply  proved.  We 
shall  not  attempt  to  trace  the  evidence  from  the  contact- 
phenomena,  as  it  might  be  traced  in  a  complete  description  of 
the  whole  boundary.  It  is  of  the  same  nature  as  that  outlined 
for  the  Winnipiseogee  area.  With  that  fact  in  mind,  we  have 
considered  it  expedient  to  refer  to  a  few  only  of  the  possible 
localities  which  can  be  readily  visited  for  confirmation  of  our 
views. 

A  representative  contact  of  the  porphyritic  granite  and 
Coos  mica-schist  outcrops  where  the  boundary  line  between  them 
crosses  the  road  running  southwest  from  Ashuelot  over  Gun 
Mountain.  Here  and  along  the  western  ridge  of  Gun  Mountain 
the  typical  biotite-muscovite-schist  is  strongly  charged  with 
interbcdded  actinolite-schist  and  (juartzite.  Several  a[)ophyses 
of  the  porphyritic  granite  cut  the  schist.  One  of  them,  twenty 
feet  wide,  cuts  across  the  strike,  extending  a  considerable 
distance  from  the  contact  before  it  disappears  under  the  soil- 
cap  ;  another  over  two  feet  in  width  is  also  well  exposed,  but  lies 
nearly  in  the  planes  of  schistosity.     Horses  of  schist  are  embed- 
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ded  in  the  granite,  but  the  overlying  loose  deposits  prevent  the 
discovery  of  any  definite  arrangement  among  them.  The 
granite  itself  has  a  good  parallel  structure,  and  it  is  important  to 
note  that  its  structure-planes  are  conformable  in  strike  and  dip 
with  those  of  the  adjacent  schists.  This  same  conformity  was 
several  cimes  observed  along  this  western  side  of  the  area. 
Sometimes,  even  at  the  contact,  the  porphyritic  granite  is  quite 
granitic  without  a  trace  of  the  foliated  structure.  A  good 
example  of  this  appears  at  the  contact  on  HalTs  hill,  near 
Chesterfield  factory.  At  this  locality,  too,  there  is  no  doubt  as 
to  the  relation  of  the  two  formations.  The  intrusive  tongues  of 
porphyritic  granite  cut  across  the  schists  and  associated  gneissic 
bands  in  a  very  marked  way  ;  the  sharp  contrast  of  grain  and 
composition  enabling  one  easily  to  differentiate  the  igneous 
masses.  Occasionally  dikes  of  the  porphyritic  granite  may  be 
found  traversing  the  schists  at  a  distance  from  the  contact.  At 
the  three  corners,  about  a  mile  south  of  Chesterfield,  numerous 
great  veins  of  coarse  pegmatite  outcrop  and  with  them  occurs  a 
set  of  true  porphyritic  granite  dikes  which  are  probably  apophy- 
ses of  the  main  mass,  half  a  mile  away. 

Facts  of  like  character  refer  to  the  contact  with  the  Beth- 
lehem gneiss  on  the  eastern  side  of  the  oval.  Field  evidence 
shows  that  the  latter  is  of  the  same  metamorphic  epoch  to  which 
the  Coos  mica-schist  is  referred  ;  thus,  the  argument  regarding 
the  better  exposed  part  of  the  boundary  applies  to  it  in  its 
entirety. 

Fitzwilliam  area. — We  have  seen  already  that  the  survey 
suspected  an  eruptive  origin  for  certain  parts  of  the  porphyritic 
granite,  and  had  cited  facts  from  the  Fitzwilliam  area  as  in  part 
the  basis  for  the  conception.  The  contact  line  of  this  little  patch 
of  the  rock  is  very  clear  in  its  teaching.  Even  more  graphic 
than  that  of  the  bowlders  described  in  the  survey  report'  is  the 
evidence  where  the  rock  is  in  place.  About  a  mile  southwest 
of  the  village  the  porphyritic  granite  is  found  in  a  pasture  field 
by   the  roadside.      Included   in   it   are  many  horses   of  biotite- 

»Vol.  II,  p.  471- 
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gneiss,  some  of  which  are  large,  being  as  much  as  twenty-five 
feet  in  diameter.  Within  one  of  the  latter  an  interesting  irregular 
injection  of  the  porphyritic  granite  is  well  exposed.  One 
feature  exceptionally  well  shown  is  the  fine-graining  along  the 
margins.  At  this  place,  too,  dikes  of  the  Concord  granite  cut 
the  porphyritic  granite,  and  the  former  rock  is  thus  the  youngest 
terrane  in  the  region.  Since  it  surrounds  the  porphyritic  granite 
on  all  sides,  this  Fitzwilliam  occurrence  may  itself  be  a  large 
floe  brought  up  from  below  from  a  much  larger  mass. 

The  Main  area. — Our  observations  on  the  Main  area  were 
extended  only  to  its  southern  half.  The  great  thickness  of  the 
various  glacial  deposits  make  it,  on  the  whole,  less  satisfactory 
for  a  study  of  contact  relations  than  the  Winnipiseogee  area. 
We  have  aimed  in  the  course  of  a  somewhat  hasty  examination 
to  discuss  the  facts  as  regards  the  schists  grouped  by  the  survey 
under  the  names  of  the  "Ferruginous  slates,"  and  the  ** Ferru- 
ginous schists."  In  both,  the  rocks  consist  of  two-mica-schists, 
biotite-schist,  biotite-gneiss,  and  muscovite-biotite-gneiss,  all  of 
which  may  be  garnetiferous.  Between  them  we  can  trace  no 
definite  distinction,  either  of  composition  or  of  age,  and  the  area 
on  the  eastern  border,  marked  "Lake  Winnipiseogee  gneiss," 
encloses  stripes  of  schistose  rocks  which  are  identical  with  those 
of  the  above-mentioned  groups.  Here,  as  often  elsewhere,  the 
grounds  for  the  subdivision  carried  out  by  the  survey  do  not 
appear  in  the  field. 

The  great  sill  of  porphyritic  granite  to  the  north  and  north- 
east of  Greenfield  has  one  contact  well  exposed  with  interrup- 
tions for  the  distance  of  a  mile.  It  is  an  intrusive  one.  The 
granite  was  erupted  into  the  schists  along  a  plane  of  foliation, 
and  there  is  the  usual  development  of  parallel  structure  in  many 
of  its  outcrops  which  accords  with  that  of  the  walls.  The 
intrusion  is,  on  the  whole,  sheet-like  in  its  form,  though  in  some 
places  where  the  schists  are  intensely  folded,  it  cuts  across  their 
structure-planes.  In  such  cases  the  foliation  of  the  porphyritic 
granite  remains  parallel  to  the  boundary  line.  The  apophyses 
penetrate  the  schists  irregularly  in  all  directions,  generally  pay- 
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ing  no  attention  to  planes  of  weakness.  They  are  finer-grained 
than  their  parent  sill,  but  show  here  and  there  a  feldspar  as  much 
as  two  inches  in  length. 

One  of  the  most  interesting  parts  of  the  contacts  is  that 
which  belongs  to  the  area  marked  "Lake  Winnipiseogee  gneiss" 
by  the  survey  in  the  towns  of  Antrim  and  Hillsboro.  It  is 
exceptionally  well  exposed  at  intervals  for  a  distance  of  five 
miles,  and  especially  on  the  long  ridge  some  two  miles  west  of 
Antrim.  The  name  thus  given  the  rock  with  which  the  porphy- 
ritic  granite  here  comes  in  contact  is  a  decided  misnomer.  The 
new  terrane  consists  of  an  ancient  metamorphosed  eruptive  cut- 
ting the  "Ferruginous"  rocks  in  every  way  similar  to  the  schists 
that  extend  from  Bennington  to  Henniker.  This  complex  is 
itself  cut  by  the  porphyritic  granite. 

The  older  eruptive  rock  is  a  typical  coarse  granitite  containing 
a  good  deal  of  muscovite  which  is  all  secondary.  The  quartz  is 
the  common  blue  variety  of  New  Hampshire  crystallines.  Both 
orthoclase  and  a  basic  plagioclase  occur,  but  they  are  generally 
badly  decomposed.  It  is  a  difficult  rock  to  diagnose  thoroughly 
on  account  of  the  vast  amount  of  crushing  which  appears  in  the 
thin  section.  The  quartz  and  feldspars  are  much  granulated 
marginally,  the  unbroken  cores  showing  the  characteristic  wavy 
extinction.  The  plagioclase  lamellae  are  often  bent  through 
large  angles.  Minute  faulting  is  common  in  them,  and  through- 
out the  slides  the  shreds  of  biotite  are  bent  and  twisted  in  a 
striking  manner,  while  the  extinction  on  the  base  of  biotite 
plates  is  most  irregular.  In  fact  the  condition  of  this  rock  is  in 
marked  contrast  with  that  of  the  porphyritic  granite  close  by. 
The  granite  is  quite  without  any  signs  of  serious  disturbance ;  the 
granitite  has  endured  the  very  severe  mechanical  strain  of 
extensive  mountain-building.  Often  the  signs  of  developed 
schistosity  in  this  once  massive  rock  are  easy  to  discern  in  the 
ledges,  and  these  new  structure  planes  strike  a  few  degrees  east 
of  north,  /*.  c,  they  lie  in  the  main  parallel  to  the  strike  of  the 
"Ferruginous"  terrane. 

Now,  within  the  crushed  granitite  there  is  an  extraordinary 
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display  of  inclusions,  varying  in  size  ffom  small  fragments  to 
masses  twenty  feet  scjuare,  all  of  which  have  evidently  been 
derived  from  the  older  schists  to  which  they  are  mineralogically 
and  structurally  similar.  These  horses  are  highly  ferruginous, 
and  weather  with  the  same  rusty  appearance  that  characterizes 
the  parent  rock.  So  great  is  their  number  in  some  places  that 
considerable  stretches  are  veritable  flow  breccias.  But  it  is 
rather  the  remarkable  crumpling  and  other  evidences  of  intense 
folding  which  attract  one's  attention  to  these  outcrops.  The 
sliverlike  horses  are  very  often  bent  into  sigmoid  flexures ; 
sometimes  one  is  seen  to  be  completely  doubled  back  on  itself 
in  a  nearly  closed  fold.  They  are  usually  much  jointed,  and 
here  and  there  actual  movement  along  a  fault  plane  may  throw 
one  part  of  the  inclusion  a  foot  or  more  out  of  its  normal  con- 
tinuity. While  there  is  not  much  difference  mineralogically 
between  these  inclusions  and  the  rock  of  the  ferruginous  terrane, 
yet  there  is  some  evidence  of  a  metamorphic  change  due  to  the 
granitite.  About  one  of  them,  some  two  feet  long  and  a  foot 
and  a  half  broad,  in  particular,  a  two-inch  zone  filled  with  large 
biotites  was  developed.  The  biotite  of  the  granitite  itself  is 
often  segregated  in  large  individuals.  Many  of  the  horses  have 
been  considerably  melted  up,  and  it  is  probably  the  absorption 
in  this  way  of  so  much  of  the  iron  oxides  that  conditions  the 
characteristic  deep  reddish  brown  color  of  the  weathered  granitite. 
This  terrane  has  but  few  affinities  with  the  simple  Lake 
Winnipiseogce  mica-gneisses,  where  they  occur  in  their  normal 
fresh  uncrushed  habit.  No  evidence  is  yet  forthcoming  that  the 
latter  are  eruptive.  Not  only  do  these  multitudinous  horses 
prove  the  eruptive  origin  for  the  granitite,  but  its  actual  contact 
with  the  ferruginous  schists  was  found  on  Riley  Mountain,  and  it 
tells  the  same  story.  The  usual  field  criteria  of  the  presence  of 
horses,  apophyses,  and  intrusive  sheets  are  there  exhibited.  A 
rock  zone  of  the  foregoing  descri|)tion,  averaging  rather  more 
than  a  (juarter  of  a  mile  in  width,  runs  southward  five  miles  to 
the  Antrim  ridge  above  mentioned,  always  a[)pearing  between 
the  porphyritic  granite  and  the  main  body  of  schists. 
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At  many  places  along  its  western  margin  the  porphyritic 
granite  cuts  the  granitite,  but  often  passing  into  it  by  a  zone  of 
transition  analogous  to  those  described  in  the  Winnipiseogee 
area.  Thus  we  have  added  another  to  the  crystalline  terranes 
which  have  been  profoundly  affected  by  dynamic  processes  since 
their  formation ;  they  are  in  this  respect  to  be  contrasted  with 
the  younger  relatively  unaltered  porphyritic  granite,  and  lastly, 
they  are  of  interest  not  only  from  their  relation  to  the  history  of 
igneous  activity  in  the  state,  but  also  from  the  light  that  they 
throw  on  the  age  and  origin  of  the  granite. 

Reginald  Aldworth   Daly. 

(To  be  continued.) 


THE  MEASUREMENT  OF  FAULTS. 

According  to  the  definition  given  by  Dana,  **  faults  are  dis- 
placements along  fractures."  Whenever  the  rocks  of  the  earth's 
crust  are  subjected  to  strain,  fractures  take  place  in  them  as  in 
any  other  body  under  similar  conditions,  and  the  different  parts 
of  the  rock  tend  to  move  past  one  another  along  the  fracture- 
planes,  seeking  to  obtain  relief  from  the  strain  and  to  accommo- 
date themselves  to  new  conditions.  In  this  movement  one  part 
of  the  fractured  rock-mass  may  move  upon  the  other  in  any 
direction,  up,  down,  sidewise  or  obliquely,  according  to  the 
conditions,  which  are  different  in  each  instance.  There  is,  so 
far  as  I  know,  no  law  governing  the  direction  of  movement  in 
faults  which  is  of  any  use  in  geological  diagnosis.  Naturally, 
when  there  is  anv  preexisting  plane  of  weakness  of  the  rock 
which  is  subjected  to  strain  the  movement  takes  place  by  prefer- 
ence along  this  plane  ;  and,  hence,  in  sedimentary  beds,  it  is 
probable  that  movements  along  the  stratification  planes  consti- 
tute the  commonest  varietv  of  faults.  Inasmuch,  however,  as 
the  beds  in  disturbed  districts  lie  in  every  conceivable  position, 
the  probability  just  stated  does  not  give  any  clew  to  the  average 
attitude  of  faults. 

The  movement  in  faults  can  be  completely  ascertained  only 
by  the  aid  of  independent  and  accidental  phenomena.  In  homo- 
geneous rock-masses  (leaving  out  of  consideration  fault  scarps, 
fault  i^ulches.  and  other  toj)ographic  phenomena,  and  treating 
the  faulted  mass  as  a  solid  without  boundaries) ,  the  amount  of 
movement  cannot  be  ascertained  or  even  approximately  esti- 
mated ;  although  the  cxistcjicc  of  a  fault  can  be  determined  by 
the  records  left  on  the  slip[)ing  surface  or  surfaces  in  the  shape 
of  ground-up  rock  or  fault-breccia,  in  polished  and  striated  rock 
faces,  and  so  on.  It  is  certain,  however,  that  the  amount  of 
friction  as   displayed   by  trituration  and   j)olishing  is  not  neces- 
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sarily  proportionate  to  the  amount  of  movement,  since  faults 
with  slight  displacement  are  often  accompanied  by  zones  show- 
ing profound  trituration,  while  others  of  far  greater  movement 
show  to  a  much  less  degree  the  effects  of  friction.  The  friction 
in  each  case  seems  to  depend  upon  the  angle  of  the  chief  stress 
to  the  sliding  plane,  rather  than  on  the  amount  of  movement 
along  this  plane.  In  heterogeneous  rocks  the  amount  of  move- 
ment of  a  fault  can  ordinarily  be  estimated  with  more  or  less 
accuracy,  the  degree  of  closeness  depending  upon  the  nature  of 
difference  in  the  composition  of  the  rock-mass.  In  such  heter- 
ogeneous rocks  the  amount  and  direction  of  a  fault  movement 
must  be  judged  by  any  available  phenomenon  or  phenomena. 
By  far  the  commonest  variations  in  rock-masses  which  are  con- 
stant enough  to  be  reliable  as  data  are  sedimentary  beds,  and 
therefore  the  commonest  means  of  measuring  a  fault  movement 
is  the  separation  of  the  two  parts  of  an  originally  continuous 
stratum.  On  this  account  it  is  easy  to  fall  into  the  error  of 
considering  faults  simply  as  dislocations  of  strata.  In  careful 
geological  work,  however,  such  as  mining  work  must  necessarily 
be,  it  is  important  to  cultivate  a  more  correct  conception,  and  to 
regard  sedimentary  beds  as  phenomena  accidentally  associated 
with  faulting,  whose  dislocation  must  be  associated  with  all  other 
available  criteria,  each  one  as  valuable  as  the  other,  to  deter- 
mine the  amount  and  direction  of  the  total  movement  or  dis- 
placement. Any  fault,  for  example,  in  which  the  direction  of 
movement  is  parallel  with  the  plane  of  sedimentation  will  not 
cause  any  apparent  displacement  in  a  sedimentary  bed  ;  and  this 
may  be  the  case  in  faults  having  any  conceivable  attitude,  since 
the  sedimentary  beds  themselves  may  be  folded  so  as  to  stand 
in  any  conceivable  attitude  with  reference  to  any  fixed  plane, 
such  as  the  earth's  surface. 

When  the  direction  of  movement  in  a  fault  lies  at  a  slight 
angle  to  the  plane  of  sedimentation,  the  apj)arent  displacement 
of  a  stratum  resulting  from  this  fault  will  be  only  a  slight  part 
of  the  actual  fault  movement ;  and  it  is  only  when  the  direction 
of  movement  is  perpendicular  to  the  plane  of  sedimentation  that 
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the  separation  of  the  parts  of  the  faulted  stratum  is  an  accurate 
measurement  of  the  movement.  Theoretically  speaking,  the 
chances  arc  infinitely  against  any  such  coincidence,  and  in  actual 
practice  it  is  rare  that  the  movement  may  be  even  approximately 
estimated  in  this  way.  In  mining  geology  it  has  been  found 
that  the  most  valuable  criteria  for  measuring  faults  are,  besides 
sedimentary  beds,  igneous  bodies,  such  as  dikes  ;  bodies  of  ore  ; 
striie  on  the  fault  plane,  showing  the  direction  of  movement ; 
and  the  composition  of  the  fault  breccia,  which  may  show,  in 
some  degree,  the  amount  of  movement.  By  taking  several  of 
these  criteria  together  it  is  often  possible  to  actually  ascertain 
the  movement  of  a  fault. 

It  is  sometimes  possible  to  find  out  the  amount  and  direction 
of  movement  immediately  ;  but  more  often  it  must  be  indirectly 
calculated,  and  to  do  this  it  is  important  to  have  clearly  in  mind 
the  nature  and  value  of  some  of  the  principal  functions  of  a  fault 
movement,  and  to  have  specific  terms  by  which  to  designate 
them.  The  terms  already  in  use  are  of  a  rather  vague  and  gen- 
eral character,  resulting  from  the  usual  conception  of  a  fault  as 
a  dislocation  of  strata  ;  the  four  generally  employed  are  dis- 
placement^  throw,  heave,  and  offset.  The  words  displaeemmt  and 
throzv  are  used  interchangeably,  and  commonly  refer  to  the 
separation  of  beds  by  a  fault  as  seen  in  a  vertical  section.  Each 
of  these  terms  is  used  by  some  to  indicate  the  distance  along 
the  fault  plane  between  the  broken  ends  of  the  bed  as  seen  in  the 
section,  and  sometimes  the  perpendicular  distance  between  the 
parts  of  such  beds,  projected,  if  necessary.  There  is  no  agree- 
ment, however,  which  definitely  assigns  the  terms  to  separate 
measurements,  and,  indeed,  it  is  very  common  for  a  writer  to  use 
the  terms  interchangeably  for  one  or  the  other  function.  Heave 
and  offset  are  also  used  interchangeably,  and  are  usually  held  to 
signify  the  perpendicular  distance  measured  on  a  horizontal 
plane,  such  as  the  earth's  surface,  between  portions,  projected, 
if  necessary,  of  a  bed  separated  by  a  fault. 

In  mining  work  it  is  generally  necessary  to  clearly  differen- 
tiate the  different  functions  of  a  fault  movement,  and   I   have 
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adopted  the  following  terms  descriptive  of  the  most  important 
of  these ;  these  terms  include  nothing  very  novel  in  the  way  of 
nomenclature,  but  are  intended  simply  to  affix  definite  names  to 
definite  things. 

Dislocation  and  displacement  are  general  terms,  applicable  to 
any  part  or  the  whole  of  a  fault  movement.  Each  of  the  func- 
tions defined  below,  and  to  which  specific  names  are  given,  may 
be  called  simply  a  dislocation  or  displacement. 

Total  displacement  is  the  distance  which  two  points  originally 
adjacent  arc  separated  by  the  fault  movement ;  the  line  connect- 
ing these  two  points  lies  in  the  fault  plane  in  all  straight  faults. 
It  is  occasionally  possible  to  determine  the  total  displacement 
directly  by  such  criteria  as  the  separation  of  the  parts  of  an  ore 
body,  the  intersection  of  a  given  dike  with  a  given  stratum  when 
found  on  both  sides  of  the  fault,  and  in  other  ways ;  but  ordina- 
rily it  can  only  be  calculated  or  approximately  estimated  from 
some  of  its  more  easily  measured  functions. 

The  lateral  separation  is  the  perpendicular  or  shortest  distance 
between  the  two  parts  of  any  continuous  zonal  body  (such  as  a 
sedimentary  bed),  which  has  been  separated  by  a  fault,  the  dis- 
tance being  measured  along  the  fault  plane.  The  lateral  separa- 
tion may  be  measured  in  a  vertical,  horizontal,  or  oblique  line, 
according  to  the  attitude  of  the  bodies  between  which  it  is  meas- 
ured, and  in  any  fault  it  may  vary  from  zero  to  the  total  dis- 
placement. In  the  case  of  dikes  cutting  sedimentary  beds,  of 
marked  unconformity,  of  abrupt  folds,  and  so  on,  it  may  be  pos- 
sible to  measure  two  or  more  lateral  separations  in  a  single  fault. 
In  this  case,  and  in  a  number  of  others  which  are  possible,  the 
total  displacement  may  often  be  calculated  from  the  lateral 
separation,  since  the  latter  is  always  the  side  of  a  right  triangle 
of  which  the  former  is  the  hypotenuse. 

The  perpendicular  separation  is  the  perpendicular  distance 
between  corresponding  planes  in  the  two  parts  of  any  single  body 
available  as  criterion  (such  as  a  sedimentary  bed),  when  this 
body  has  been  separated  by  a  fault,  the  planes  on  each  side  of 
the  fault  being  projected  for  the  purpose  of  measuring,  if  neces- 
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sary.  The  perpendicular  separation  thus  has  a  certain  relation  to 
the  lateral  separation  ;  for  it  constitutes  a  side  of  a  right  triangle, 
the  hypotenuse  of  which  is  the  lateral  separation,  except  in  the 
possible  case  where  the  perpendicular  and  lateral  separations 
coincide. 

This  mathematical  relation  makes  it  often  possible  to  estimate 
the  lateral  separation  from  the  perpendicular  separation,  and  from 
the  latter  the  total  displacement.  Of  these  three  functions,  the 
perpendicular  separation  is  most  easy  of  measurement,  and  its 
value  may  vary  from  zero  to  the  full  amount  of  lateral  separation. 
The  lateral  separation  is  easier  to  ascertain  than  the  total  dis- 
placement, and  its  value  may  vary  from  zero  to  the  total  displace- 
ment. 

The  measurements  which  have  been  defined  have  no  constant 
direction,  since  they  refer  to  fault  movements  which  are  capable 
of  infinite  variation.  In  general  geological  work,  however,  it  is 
often  only  possible  to  measure  fault  movements  along  certain 
arbitrary  planes.  The  most  valuable  of  these  planes,  are  the 
earth's  surface,  which  may  be  considered  a  horizontal  plane,  and 
vertical  sections,  into  which  available  data  are  put,  with  the  gaps  in 
the  chain  oi  information  often  theoreticallv  filled  out.     In  such 
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cases,  where  some  dislocation  is  evident,  but  the  information  is 
so  meager  that  it  is  not  possible  to  know  the  fault  so  accurately 
as  to  estimate  even  approximately  its  total  displacement  or  lat- 
eral or  perpendicular  separation,  it  is  necessary  to  employ  spe- 
cific terms  to  designate  the  known  or  estimated  dislocations, 
although  the  relations  of  these  dislocations  to  the  total  displace- 
ment may  be  unknown.  For  this  purpose  the  terms  offset,  throw 
and  vertical  separation  may  be  used.  The  terms  throzu  and  verti- 
cal separation  are  ap[)lied  to  the  dislocations  of  a  fault  as  seen  in 
a  vertical  section ;  the  term  offset  to  the  dislocation  as  seen  in 
a  horizontal  section,  such  as  the  earth's  surface  mav  be  con- 
sidered  to  be. 

A  throiu  mav  be  defined  as  the  distance  between  the  two 
parts  of  anybody  available  as  a  criterion  (such  as  a  sedimentary 
bed),  when  these  parts  have  been  separated  by  a  fault,  the  dis- 
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tance  being  measured  along  the  fault  plane  as  shown  in  a  verti- 
cal section. 

The  vertical  separation  is  the  perpendicular  distance  between 
the  intersection  of  the  two  parts  of  any  faulted  body  available 
as  a  criterion  (such  as  a  sedimentary  bed),  with  the  plane  of  a 
vertical  section,  the  lines  of  intersection  being  projected  if  neces- 
sary for  the  purpose  of  measurement.  In  perpendicular  faults 
the  vertical  separation  is  identical  with  the  throw ;  in  all  others 
it  is  less  than  the  throw,  but  sustains  a  certain  relationship  to  it, 
being  one  side  of  a  right  triangle  of  which  the  throw  is  the  hypote- 
nuse. Thus  the  vertical  separation  may  vary  from  zero  to  the  full 
amount  of  the  throw.  The  throw  is  always  a  part  of  the  total 
displacement,  although  with  no  definite  relationship  to  it,  and 
varies  from  zero  to  the  full  total  displacement. 

The  term  offset  may  be  used  to  designate  the  perpendicular 
distance  between  the  intersections  of  corresponding  plane  in 
the  two  parts  of  any  faulted  body  available  as  a  criterion,  such 
as  a  sedimentary  bed,  with  a  horizontal  planes  such  as  the 
earth's  surface  may  be  considered  to  be ;  the  planes  being  pro- 
jected for  the  purpose  of  measuring,  if  necessary.  Like  the 
throw,  the  heave  or  offset  is  a  part  of  the  total  displacement,  but 
has  no  definite  relationship  to  it. 

To  sum  up,  there  are  six  terms  proposed  to  designate  the  differ- 
ent parts  of  a  fault  movement,  each  term  applying  to  a  measure- 
ment which  varies  in  accuracy  and  proximity  to  the  total  dis- 
placement in  proportion  to  the  available  amount  of  information. 
For  general  outline  work  where  accurate  data  are  not  obtainable, 
the  terms  throw  and  vertical  separation,  referring  to  the  measure- 
ments of  a  fault  at  its  intersection  with  a  vertical  plane,  and  the 
term  offset,  indicating  a  measurement  of  a  fault  at  its  intersection 
with  a  horizontal  plane,  are  adopted.  The  throw  and  offset  are 
parts  of  the  actual  fault  movement,  but  of  unknown  value,  while 
the  vertical  displacement  sustains  a  certain  relationship  to  the 
throw.  Where  more  complete  data  are  obtainable,  the  terms 
total  displace?nent,  lateral  separation,  d^nd  perperidicular  separation  are 
adopted.     The  perpendicular  separation  sustains  a  certain   rela- 
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tionship  to  the  lateral  separation,  as  the  lateral  separation  does 
to  the  total  displacement. 

The  terms  which  have  been  adopted  above  have  purposely 
been  made  as  few  as  i^  consistent  with  the  plan  of  furnishing  a 
scheme  for  complete  fault-analysis.  The  number  might  be 
increased  indefinitely  ;  yet  ordinarily  this  is  undesirable,  for  most 
other  fault  measurements  are  simple  mathematical  functions  of 
the  terms  above  adopted,  and  can  be  easily  reduced  to  one  of 
these ;  and  the  great  multiplication  of  terms  leads  to  confusion 
in  a  study  which  is  at  best  not  too  simple.  In  specific  instances, 
however,  it  may  be  desirable  to  increase  the  number  of  terms,  and 
to  give  separate  names  to  other  fault  measurements. 

J.  Edward  Spurr. 


THE  DRIFT  AND  GEOLOGIC  TIME. 

Assuming  the  correctness  of  the  ice-sheet  or  glacier  theory 
of  the  origin  of  the  drift  which,  according  to  one  supposed  to 
be  of  high  geological  authority,'  ''has  passed  from  the  region  of 
hypothesis  to  that  of  demonstration,  and  should  form  the  basis 
of  all  reasoning  on  the  subject,"  there  are  still  many  problems 
that  are  open  to  discussion  and  in  regard  to  which  writers  widely 
vary  in  their  opinions  and  statements.  One  of  these  is  the  lapse 
of  time  between  the  beginning  and  the  end  of  the  period,  that 
portion  of  geologic  time  recjuired  to  prepare  for  and  lay  down 
the  drift  deposits  and  to  return  to  present  climatic  and  physical 
conditions.  Of  late  years  there  has  been  a  tendency  in  some 
quarters  to  reduce  the  estimated  length  of  this  period.  Accord- 
ing to  Prestwich'  25,000  to  35,000  years  would  suffice  for  the 
whole  period  of  formation  and  retreat  of  the  ice-sheet.  Pro- 
fessor Wright  endorses  this  estimate, ^  and  Warren  Upham^  even 
abbreviates  it  a  little,  allowing  only  20,000  or  30,000  years  for 
the  actual  glacial  period,  and  6000  to  10,000  years  for  the  since 
intervening  time.  Becker, 5  figuring  on  astronomical  data,  thinks 
that  conditions  favoring  the  glaciation  of  the  territory  covered 
by  the  drift  may  have  existed  within  40,000  years,  and  presum- 
ably gives  that  as  the  probable  outside  figure  for  their  occur- 
rence. 

On  the  other  hand,  perhaps  the  larger  number  of  glacialists 
have  allowed  in  their  estimates  very  much  longer  periods.  To 
say  nothing  of  Croll,   Ramsay,   Geikie,  and  earlier  writers,  w^e 

'Geol.  Mag.,  new  ser.,  Decade  IV,  Vol.  IV.  75,  February  1897.  (Review  of 
Croll's  Life  and  Work.") 

='"GeoloKv,"p.  534,  1S88. 
3  Man  and  the  Glacial  Period,  p.  364,  1895. 
*  Bull.  Am.  Geol.  Soc,  V,  99,  1894. 
-Am.  Jour.  Sci.,  3d  ser.,  XL VII,  95-113. 
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have,  amongst  recent  writers,  R.  Bell,'  who  thinks  the  estimates 
of  the  above-mentioned  authors  not  excessive.  Chambcrlin' 
estimates  the  lapse  of  time  since  the  Kansan  epoch  to  be  equal 
to  fifteen  times  the  lapse  since  the  last  epoch,  which  would  give 
a  high  figure  for  the  whole  period  on  any  tenable  estimate  of 
this  last  factor,  and  to  this  is  to  be  added  an  undetermined  num- 
ber of  years  for  the  pre-Aftonian  (Albertan)  stage.  Penck,  at 
the  recent  Toronto  meeting  of  the  British  Association,  is  reported 
to  have  allowed  at  least  500.000  years  for  the  glacial  epoch, 
including  all  the  interglacial  stages,  and  very  recently  F.  B. 
Tavlor,3  in  an  article  on  the  moraines  of  recession  of  the  latest 
(Wisconsin)  ice-sheet,  gives  as  his  estimate  of  the  time  required 
for  the  retreat  of  this  single  ice  invasion  from  the  latitude  of 
Cincinnati  to  the  straits  of  Mackinac,  a  period  of  from  75,000 
to  150,000  years.  Adding  to  this  an  equal  lapse  of  time  for  its 
advance,  and  we  have  an  estimate  of  150,000  to  300,000  years 
for  the  whole  time  occupied  by  this  most  recent  member  of  the 
drift. 

In  addition  to  the  actual  periods  of  the  ice  occupancy  of  the 
territory  we  have  to  reckon  in  the  interglacial  epochs  of  which 
there  is  considerable  evidence,  and  which  must  materially  add 
to  the  length  of  Pleistocene  time.  I  have  not  seen  many  esti- 
mates of  the  time  required  by  these,  the  most  noteworthy  one 
being  that  of  Professor  McGce,  of  the  time  required  for  the 
deposition  of  the  forest  bed  overlying  the  earlier  Iowa  till. 
Taking  for  his  unit  the  period  of  written  history,  the  very 
least  figure  he  gives  for  this  formation  is  about  112,000  years, 
and  this  is  far  exceeded  by  his  estimate  of  its  possible  maximum 
duration.  The  thickness  of  some  of  these  intercalated  beds 
would  naturally  indicate  a  considerable  period  for  their  deposi- 
tion, but  McGee's  estimate  certainlv  seems  an  extreme  one,  and 
is  the  more  noticeable  when  considered  in  connection  with  the 
relatively  very  short  allowance  of  time  he  has  given  tor  the  ice 
invasions  themselves,  even   allowing,  as  we  should,  that   he  is 

'Bull.  Am.  Gcol.  Soc,  I,  295.  ^oik.  Gkol.,  V.  i!S97,  July-Auj(ust. 

■''Jour.  Geol.,  IV,  S75.  1896. 
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considering  only  the  peripheral  portion  of  the  ice-sheet  and  not 
its  greatest  development.  The  length  of  the  interglacial  epoch 
must  in  any  case  enter  as  a  very  important  element  in  our  esti- 
mates of  the  total  time  required  for  the  deposition  of  the  drift, 
and  the  limited  data  from  exposures  are  at  best  more  suggestive 
than  definite  in  the  information  they  convey  as  to  this  point. 

With  these  divergent  views  as  to  geologic  time  it  would  not 
appear  as  if  the  glacier  theory  afforded  a  very  satisfactory  basis 
for  reasoning  upon  this  particular  phase  of  the  subject.  There 
certainly  seem  to  be  decided  difficulties  in  utilizing  the  drift 
phenomena  for  the  measurement  of  geologic  time,  each  appar- 
ently possible  solution  of  the  difficulty  seeming  to  present  still 
more  impossible  problems.  Some  of  the  estimates  made  appear 
to  be  compromises,  therefore,  or  alternatives,  accepted  only  as 
better  than  something  else.  Thus  Prestwich  and  Wright  find  it 
easier  to  limit  the  duration  of  the  glacial  period  than  to  admit 
the  possibility  of  man  having  existed  8o,ooo  years  on  the  earth, 
or  that  the  fauna  or  flora  of  today  could  possibly  be  the  same  as 
that  of  240,000  years  ago.  The  elements  of  individual  prepos- 
session and  mental  idiosyncrasy  enter  largely  into  the  considera- 
tion of  scientific  questions,  and  all  the  more  into  such  as  this 
where  the  chances  of  legitimate  difference  of  opinion  are 
so  ample. 

It  is  the  object  of  this  paper  to  call  attention  to  the  method 
of  calculating  geologic  time  by  the  transportation  of  erratics,  a 
method  that  has  up  to  the  present  time  hardly  received  the 
attention  it  deserves  in  the  literature  of  the  subject.  It  is  at 
first  sight  a  little  remarkable  that  this  should  be  the  case.  That 
some  at  least  of  those  who  have  alluded  to  it  appear  to  have  dis- 
credited its  value  is  also  remarkable,  as  any  method  that  adds 
any  degree  of  certainty  to  our  estimates  ought  to  be  regarded 
as  a  boon  to  science.  While,  as  I  shall  attempt  to  demonstrate, 
it  has  its  value  even  with  the  rather  indefinite  notions  we  have 
hitherto  had  as  to  the  flow  of  continental  glaciers,  recent 
researches  by  Chamberlin  and  others  on  the  Greenland  ice-sheet 
have  added  very  much  to  its  importance  and  applicability.     We 
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have  by  it  at  the  present  time  the  data  which  enable  us  to  form 
a  definite  minimum  estimate  of  the  time  required  for  the  depo- 
sition of  the  drift  in  North  America,  on  the  presumption  that 
this  was  done  through  the  agency  of  land-ice,  or  glaciers.  If  it 
is  assumed  that  the  drift  was  water  laid,  either  altogether  or  to 
any  considerable  extent,  altogether  different  elements  enter  into 
and  affect  the  calculation,  but  that  is  not  the  assumption  of  the 
present  paper. 

It  is  perhaps  conceivable  that  the  climatic  conditions  during 
the  formation  of  the  ice-sheet  were  such  that  it  was  deposited 
by  precipitation  simultaneously  over  the  greater  part  of  the 
area  it  occupied.  The  neve,  in  other  words,  might  have  been 
almost  coterminous  with  the  glacier,  only  a  narrow  external  rim 
being  excluded.  The  evidence,  however,  of  motion  throughout 
at  least  the  greater  part  of  its  extent  is  afforded  by  the  ei^-atics 
many  of  which  have  traveled  6oo  or  700  miles  or  even  more 
from  their  original  beds.  A  bit  of  jasper  conglomerate  found 
south  of  Cincinnati  must  clearly  have  traveled  from  the  north 
shore  of  Lake  Huron,  and  fragments  of  Archaean  or  eruptive 
rocks  found  abundantly  along  the  southern  limit  of  the  drift  in 
Illinois  could  have  had  no  nearer  source  than  northern  Wisconsin 
500  or  600  miles  away,  if  indeed  they  have  not  a  still  more  north- 
ern origin.  A  bowlder  or  pebble  from  the  north  shore  of  Lake 
Superior,  if  found  in  southern  Illinois,  would  have  traveled  nearly 
or  quite  800  miles,  and  while  I  am  not  sure  that  any  such  have 
been  identified,  their  occurrence  there  is  altogether  within  the 
bounds  of  probability.  Such  erratics,  according  to  the  glacier 
theory,  must  have  been  conveyed  as  subglacial  or  intraglacial 
detritus  and  must  have  progressed  with  the  ice  certainly  at  no 
greater  rate  than  the  ice  itself  and  almost  certainly  at  a  much 
slower  one.  We  have  no  certain  evidence  what  the  progress  of 
the  glacier  was,  but  it  could  not  have  been  a  rapid  one.  In  exist- 
ing glaciers  the  most  rapid  rate  of  motion  is  about  seventy-five 
feet  a  day,  but  this  occurs  only  during  one  or  two  months  in 
summer,  and  in  two  or  three  exceptional  Greenland  glaciers 
where  the  ice,  so  to  speak,  is  under  pressure  down  a  favorably 
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inclined  valley  from  the  great  Greenland  ice-cap,  the  nearest 
analogue  to  the  immense  glaciers  of  the  drift  period  with  which 
we  have  at  present  any  satisfactory  acquaintance.  These  rapid 
flowing  glaciers  are  exceptional  in  Greenland,  where  the  general 
movement  of  the  ice  is  unquestionably  very  slow.  They  can  be 
compared  to  rapids  at  the  outlet  of  a  lake.  The  Greenland  ice- 
cap far  overtops  the  bordering  mountains,  and  yet  in  only  some 
seventeen  [)laces  along  the  whole  Danish  Greenland  coast  arc 
there  free  outflows  to  the  sea.  While  we  know  less  of  the  other 
portions  of  the  coast  the  general  character  is  the  same  ;  a  rapid 
motion  is  exceptional  and  it  is  a  reasonable  certainty — to  quote 
Taylor '  whose  paper  contains  the  latest  discussion  on  this  ice  motion 
—  '*that  the  average  movement  of  that  portion  of  the  border  of 
the  Greenland  ice-cap  that  rests  upon  the  land  is  extremely  small. 
Of  that  portion  which  ends  in  the  sea  only  a  small  fraction  has 
a  high  rate  of  motion,  as  is  shown  by  the  lack  of  activity  in  the 
discharge  of  icebergs.  When  it  is  considered  that  the  land 
border  is  very  much  greater  than  the  sea  border,  and  that  of  the 
sea  border  a  portion  has  a  relatively  slow  movement,  it  will  be 
evident  that  the  average  rate  of  movement  of  the  great  ice-sheet 
of  Greenland  cannot  be  high  ;  and  the  average  rate  of  this  border 
is  the  nearest  available  analogue  to  the  border  movement  of  the 
still  more  extended  periphery  of  the  ancient  American  or  Lauren- 
tide  glacier." 

In  fact  it  is  impossible,  when  we  consider  that  the  Greenland 
ice-cap  only  abuts  on  the  sea  along  a  small  portion  of  its  border 
in  the  form  of  glacial  tongues,  and  that  the  average  movement 
of  these  is  so  small,  not  to  believe  that  towards  its  interior  the 
ice  movement  must  be  almost  imperceptible — almost  if  not 
absolute  stagnation.  The  Antarctic  ice-cap  is  very  little  known 
to  us,  but  its  movement  must  also  be  very  slow,  judging  from 
the  discharge  of  icebergs.  All  the  icebergs  of  the  North  Atlantic 
come  practically  from  a  few  Greenland  glaciers,  making  up 
altogether  only  a  minute  fraction  of  the  whole  Greenland  coast. 
In  the  Antarctic,  on  the  other  hand,  we  know  of  hundreds  of 

'J(.)UR.  (Jeoi..  Vol.  V,  442.  1897. 
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miles  of  continuous  ice  cliffs  ending  directly  in  water  hundreds 
of  fathoms  deep,  and  have  reason  to  believe  that  this  is  only  a 
fraction  of  what  exists,  and  yet  icebergs  are  sometimes  almost 
unknown  in  the  southern  seas  for  years  at  a  time.  Again  there 
will  be  years  in  which  they  are  abundant  and  extraordinary  in 
size,  but  at  no  time  is  their  quantity  comparable  to  what  ought 
to  exist  were  the  discharge  anything  like  a  free  one  along  the 
barrier.'  It  can  be  reasonably  assumed,  therefore,  from  what  we 
know  at  present  that  the  movement  of  the  southern  ice-cap  is 
also  extremely  slow,  notwithstanding  the  favoring  conditions 
of  direct  discharge  into  deep  water. 

The  great  Laurentide  glacier,  extending  over  four  million 
square  miles  of  surface,  can  also  be  safely  assumed  to  have  had  a 
very  slow  motion  as  a  whole,  fully  as  slow  as  that  of  the  Green- 
land or  southern  ice-cap.  In  fact  the  (|uestion  arises,  and  is  not 
at  first  sight  readily  answerable,  how  it  had  any  motion  at  all. 
Gravitation  certainly  had  less  play  than  in  Greenland,  for  instead 
of  an  area  nowhere  more  than  three  hundred  miles  from  the 
ocean  '  we  have  one  eighteen  hundred  or  two  thousand  miles  in 

'  '*  As  has  already  been  stated,  there  are  years  of  very  few  or  no  iceberjs's,  and  then 
years  when  great  numbers  are  reported.  In  the  year  18.^2,  the  southern  ocean  was  >o 
covered  with  icebergs  that  a  number  of  whaling  vessels,  bound  round  Cape  lltnii, 
encountering  them,  f)ut  back  tr>  Valparaiso  to  await  a  more  favorable  season,  becau>e 
It  ap{>eared  too  dangerous  to  undertake  the  voyage.  Again  in  1854  there  was  a  great 
accumulation  of  icebergs,  and  now  during  the  past  few  years,  notably  1892  and  1803, 
there  has  been  another  notable  output  from  the  great  berg  factories  of  the  Antarctic 
regions.  During  the  intervals  between  these  periods  there  have  been  very  few  bergs 
reported.  What  cjiuses  this  occasional  great  accession  of  bergs  ?  Some  authorities 
offer  as  a  probable  explanation  the  breaking  off  of  the  ice  margin  by  volcanic  erup- 
tions, an<l  others  that  earthfjuakes  cause  numerous  pieces  of  the  glacier  to  become 
detached  and  set  adrift  as  icebergs,  and  others  that  unusual  heavy  annual  snowfall 
is  favtirable  for  increase  in  number  of  bergs.  The  rapidity  of  glacier  movement  seems 
Usually  to  regulate  the  number  of  bergs  cast  off.  If  the  ice  at  the  bottom  of  the  glacier 
moves  so  slow  that  the  melting  of  the  margin  on  coming  in  contact  with  the  saltwater 
e({uals  the  advance,  then  we  would  have  no  icebergs,  except  perhaps  those  breaking 
off  from  the  upper  part  of  the  outer  margin,  and  these  would  be  comparatively  small." 
\V.  T.  (irav,  M.  S.  L*.  S.  Ilydrographic  OHice,  Pilot  Chart,  N.  Pacific  Ocean,  Nov. 
I  8qo. 

*  Trof.  Chamberlin  finds  no  evidence  that  the  ice-sheet  of  Greenland  ever  stry 
grealh'  exceede*!  its  present  limits. 
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diameter  and  one  in  which  no  reasonably  supposable  elevation 
could  irive  a  uniform  slope  varying  appreciablv  from  the  hori- 
zontal. An  elevation  at  the  center  of  radiation  of  ten  thousand 
feet  r  which  is  much  bevond  the  most  favorable  interpretation 
which  any  known  data  will  bear)  with  an  ice-cap  of  as  much  more, 
would  only  make  a  slope  of  under  half  a  degree  in  eight  hun- 
dred miles,  and  of  considerablv  less  in  some  directions  to  the 
outer  limits  of  the  ice.  Some  glacialists,  however,  are  liberal  in 
their  allowances  of  earth  movement  to  account  for  the  flow  of 
the  glacier.  Mr.  Upham,'  for  example,  thinks  that  the  strong 
current  needed  to  transport  bowlders  from  the  southeast  shore 
of  Hudson  Bav  one  thousand  miles  southwestward  to  southern 
Minnesota,  would  require  a  slope  of  at  least  fifty  feet  or  more 
per  mile,  apparently  unmindful  of  the  fact  that  such  a  slope  for 
the  given  distance  would  require  an  elevation  of  the  ice-cap  to 
the  height  of  50,000  feet,  where  precipitation  would,  if  it 
occurred  at  all,  probably  be  so  slight  as  to  seriously  embarrass 
the  formation  of  any  considerable  ice-cap  whatever.  It  is  not 
probable,  however,  that  there  was  any  uniform  slope  over  the 
glacial  field,  and  whatever  effect  was  produced  bv  gravitation 
could  not  be  such  as  would  cause  a  rapid  motion  of  the  ice, 
**faster  than  the  Swiss  glaciers."'  The  other  theories  that  have 
been  invoked  for  the  glacier  motion,  the  effects  of  thawing  and 
freezing,  expansion  under  varying  temperatures,  etc.,  are  none 
of  them,  we  think,  counted  as  sufficient  to  cause  rapid  movement 
in  so  large  a  mass,  as  a  whole,  even  bv  their  upholders,  and  such 
estimates  as  two  to  five  feet  per  day  are  hardly  based  upon  a 
due  consideration  of  the  probable  or  possible  physical  condi- 
tions. Dana's  ^  estimate  that  **  the  rate  of  motion  could  hardlv 
have  exceeded  a  foot  a  day,  and  may  have  been  in  most  parts 
no  more  than  a  foot  a  week  "  is  much  more  likely  to  be  near  the 
truth.  Ice,  except  under  special  conditions  of  pressure  or  vis  a 
tcrgo,  barely  moves  on  a  slope  of  one  degree,  and  an  average  slope 

'(Greenland  Ice  P'icMs  an<l  Life  in  the  North  Atlantic,  p.  304. 
'Warren  L'l'iiANf.     Hull.  Geol.  Soc.  Am.,  Ill,  401.  1S92. 
3  Geoloi^y,  3(1  e<i ,  p.  539. 
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of  a  quarter  of  a  degree  for  a  thousand  miles  would  require  an 
elevation  at  the  point  ot  origin  of  the  flow  of  something  approach- 
ing five  miles.  The  probability,  and  we  may  say  the  certainty,  is 
that  the  slope  was  not  uniform  and  that  over  large  distances  the 
ice  traveled  over  dead  levels,  and  in  parts  even  stagnated,  the 
upper  part  flowing  over  the  lower  debris-laden  portions.  That 
the  contained  debris  has  a  retarding  influence  on  the  flow  of 
glaciers  has  been  urged  by  O.  P.  Hay,'  I.  C.  Russell,"  and  R.  D. 
Salisbury ,3  and  it  appears  that  this  may  even  cause  absolute  stag- 
nation under  some  circumstances.  Even  detached  erratics  seem 
to  progress  more  slowly  than  the  body  of  the  ice  in  certain 
instances ;  witness  the  well-known  observation  of  Professor  VV. 
H.  Nilcs**  on  the  Alctsch  glacier  where  ice  moved  so  much  more 
rapidly  than  a  contained  bowlder  as  to  leave  a  free  tunnel  for  a 
considerable  distance  on  its  lee  side.  P)ven  lighter  substances 
appear  to  be  occasionally  retarded  in  their  progress  as  compared 
with  the  ice.  Recognizable  remains  of  buried  travelers  have 
been  taken  out  of  Alpine  glaciers  even  hundreds  of  years  after 
their  loss.^  It  is  impossible,  therefore,  to  claim  that  these  errat- 
ics could  have  traveled  at  the  same  rate  as  the  surface  of  the 
glacier,  and  when  we  consider  that  they  bear  the  marks  of  hav- 
ing been  subjected  to  scouring  in  the  ground  moraine  that  has 

■ 

left  their  surfaces  flattened  and  striated,  the  probability  of  such 
a  rate  of  progression  is  certainly  very  much  diminished. 

Allowing  a  flow  of  two  feet  per  day  to  the  ice-sheet,  which  is 
undoubtcdlv  far  above  the  real  rate  of  the  ice  movement,  it  would 
re(iuire  7200  vcars  for  Mr.  Upham's  bowlder  to  travel  its  thousand 
miles  from  Hudson  l^av  to  southern  Minnesota,  and  this  with- 
out  any  delay  from  friction  or  attrition  in  the  ground  moraine, 
or  stagnation  in  the  lower  strata  of  the  ice.  Taking,  also,  into 
account  the  fact  that  the  northern  erratics  are  found  at  all  dis- 

'  Am.  Jour.  Sci.  ami  Arts,  y\  ser.,  XXXIV,  52.  iJiiSj. 

=  J(>iR.  (iKtii..,  Ill,  823-SS3,  1895. 

3/^,/..  Vol.  IV,  760-810,  1896. 

<  .\ni.  Jour.  Sci.,  3(1  scr..  XVI,  367,  187S. 

5  Sir  He.nry  Howorih.     Gcol.  Mai,'.  N.  S.,  Decade  IV.  Vol.  IV,  127. 
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tances  from  their  point  of  origin  and  at  all  levels  in  the  drift,  it 
seems  sufficiently  clear  that  we  cannot  measure  the  duration  of 
any  single  ice  invasion  by  the  period  required  for  the  transpor- 
tation of  a  single  erratic  from  its  northern  origin  to  its  outer 
verge,  even  allowing  for  all  the  retardation  in  the  ground 
moraine.  Every  one  of  the  Archaean  fragments  so  commonly 
seen  along  the  southern  borders  or  the  drift  must  have  required 
some  four  thousand  years,  even  if  we  allow  it  to  have  advanced 
two  feet  a  day,  to  reach  its  present  position  and  probably  a 
much  longer  period,  for  there  is  no  good  reason  to  suppose  that 
the  mass  of  the  ice-sheet  itself  advanced  at  any  such  rate.  We 
can  also  allow  a  somewhat  more  rapid  transportation  of  debris 
near  the  margins  by  floods,  subglacial  drainage,  etc.,  and  yet 
find  our  time  limit  tending  to  be  too  small.  The  Alpine  and 
Scandinavian  glaciers,  with  their  steep  gradients  affording  full 
play  to  the  action  of  gravity,  move  on  an  average  only  a  few- 
inches  a  day.  How  the  continental  glacier  derived  its  move- 
ment, except  at  its  elevated  origin  and  near  its  periphery,  is  one 
of  the  questions  that  no  one  has  yet  satisfactorily  answered,  and 
the  inevitable  conclusion  from  the  known  facts  is  that  while 
motion  undoubtedly  occurred  it  must  have  been  extremely  slow. 

The  formation  of  the  ground  moraine  must  have  required  a 
very  prolonged  period  of  time,  involving  as  it  did  the  grinding 
up  and  working  over  of  the  rocks  and  other  material  that 
together  make  up  the  till.  It  does  not  matter  whether  it  is  held 
that  it  was  mainly  deposited  under  the  ice-sheet  by  stagnation 
of  contained  debris,  as  suggested  by  O.  P.  Hay,'  or  as  a  contin- 
uous terminal  moraine  as  the  glacier  retreated,  as  was  held  by 
Newberry.'     In  either  case  a  long  time  must  have  been  required. 

In  what  has  been  said  I  have  tried  to  show  that  a  great  ice- 
sheet  thousands  of  feet  in  thickness,  extending  over  a  third 
of  a  continent,  expanding  from  its  center  in  the  direction  of 
least  resistance  towards  its  periphery,  having  over  the  greater 
portion  of  its  area  a  very  slight  slope,  and  probably  none  at  all 

*  Loc.  cit. 

'  Geol.  Survey  of  Ohio,  Vol.  II,  29  ;  III,  34. 
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in  parts ;  hampered  by  inequalities  of  the  underlying  surface 
and  by  the  detritus  it  shears  off  from  these,  must  have  had  a 
very  slow,  though  irresistible,  progress ;  and  that,  accepting  the 
existence  of  such  an  ice-sheet  and  taking  account  of  this  slow- 
rate  of  progression,  the  contained  erratics,  whose  origin  can  be 
identified  by  the  situations  in  which  they  are  found  and  the  dis- 
tances they  have  traveled,  will  afford  a  better  means  of  making 
an  approximate  minimum  estimate  of  the  duration  of  the  Pleis- 
tocene period  than  any  other  at  our  command.  By  this  we  can 
assure  ourselves  with  almost  absolute  certainty  that  a  single  ice 
invasion  could  not  have  taken  place  carrying  a  single  erratic 
from  north  of  the  lakes  to  the  southern  limit  of  the  drift  in  less 
than  four  or  five  thousand  years,  and  this  without  taking  any 
account  of  the  time  required  for  the  change  of  climate,  the 
gradual  gathering  of  the  ice,  its  recession,  the  probable  slower 
motion  of  the  erratics  than  of  the  ice  mass  as  a  whole,  or  its 
retardation  by  friction,  as  evidenced  by  its  facetted  and  striated 
surfaces.  Taking  all  these  into  the  reckoning,  we  ought,  it 
would  seem,  to  triple  or  quadruple  the  time;  and  if,  instead  of 
taking  the  highest  estimates  of  glacier  motion,  we  accept  the 
more  reasonable  and  probable  ones,  the  period  will  be  still  more 
prolonged.  It  is  difficult  to  see  how,  under  these  circumstances, 
a  single  ice  invasion  could  have  begun  and  run  its  course  within 
the  limits  of  less  than  thirty  or  forty  thousand  years ;  and  if  we 
accept  Dana's  estimate  of  the  glacier  flow  at  one  foot  a  day  for 
a  maximum,  and  one  foot  a  week  as  a  possibility,  we  would  have 
to  carry  our  figures  very  much  higher.  We  have,  however, 
according  to  some  of  the  highest  authorities,  Chamberlin,  Lev- 
erett,  and  others,  five  separate  ice  invasions  to  account  for, 
besides  interglacial  periods  of  possibly  equal  or  greater  duration  ; 
and  this  greatly  magnifies  the  necessary  estimate  of  time  for  the 
whole  glacial  period.  One  of  these  ice  invasions  appears  to  have 
transported  bowlders  one  thousand  miles,  which,  at  the  liberal 
rate  of  two  feet  per  day,  would  require  7200  years,  and  the 
others,  from  the  average  extreme  distance  to  which  erratics  were 
transported,  will  equal  certainly  500  miles,  which  would  require 
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3600  years,  or,  in  the  aggregate,  14,400  years.  The  total, 
therefore  would  be,  in  round  numbers,  about  22,000  years  for 
the  mere  transportation  of  a  single  erratic  in  each  invasion,  and 
that  at  an  improbable  rate  of  speed  and  without  any  allowance 
whatever  for  the  time  occupied  in  the  formation,  culmination,  or 
retreat  of  the  glacier,  or  for  interglacial  periods.  It  is  suffi- 
ciently evident  from  these  figures  that  the  ice-sheet  theory  of 
the  till  formation  is  utterly  incompatible  with  such  estimates  as 
those  of  Prestwich  and  Wright,  which  give  the  whole  glacial 
period  a  duration  of  only  20,000  to  40,000  years. 

It  has  been  matter  of  surprise  to  me  that  so  little  weight  has 
been  given  by  authorities  to  the  arguments  from  the  calculation 
of  the  transportation  of  erratics  in  the  estimation  of  the  dura- 
tion of  the  glacial  period.  Most  of  them  absolutely  ignore,  or 
at  least  fail  to  utilize  it,  and  those  who  do  allude  to  it  at  all, 
like  Helland,*  give  it  only  the  briefest  and  most  casual  men- 
tion. It  appears  to  me  to  be  the  one  method  by  which  w^e  can 
obtain,  not  the  actual,  but  the  utmost  possible  minimum  of 
duration  of  such  an  ice-sheet  as  the  generally  accepted  glacial 
theory  demands. 

Professor  W.  J.  Crosby'  has  offered  the  suggestion  that,  as 
the  great  mass  of  the  rock  debris  of  the  till  is  local  and  has  never 
traveled  far  from  its  place  of  origin,  the  northern  erratics  w^ere 
transported  largely  by  water  in  the  glacial  lakes  that  formed 
along  the  borders  of  the  ice-sheet.  Inasmuch  as  these  are  found 
throughout  the  till  at  all  levels,  his  suggestion  amounts  practi- 
cally to  an  admission  that  the  whole  mass  in  which  they  are  dis- 
seminated was  thus  deposited,  which  is  altogether  inconsistent 
with  the  general  tenor  of  his  argument,  and  is  almost,  if  not 
quite,  equivalent  to  giving  up  the  land-ice  theory  of  the  deposi- 
tion of  the  till. 

It  may  be  worth  while  here  to  notice  one  or  two  estimates 
or  statements  in  regard  to  the  duration  of  certain  stages  of  the 
glacial  period  by  prominent  glacialists.     The  recent  estimate  of 

*  Zcitschr.  der  deutschen  (jeologischcn  Gesellsch.  XXXI,  p.  76,  1879. 
^Ain.  Geologist,  XVII,  1896,1).  234. 
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F.  B.  Taylor  of  from  75,000  to  150,000  years  for  the  recession 
of  the  Wisconsin  ice-sheet  from  Cincinnati  to  Mackinac  has  been 
already  alluded  to  in  the  early  part  of  this  paper.  As  against 
this  apparently  large,  but  possibly  not  too  large  estimate  (that 
is,  admitting  the  land-ice  formation  of  the  Wisconsin  drift),  it 
is  interesting  to  quote  Wright  and  Upham's'  dictum  that  **  the 
late  divisions  of  the  glacial  period  were  far  shorter  than  its 
Kansan,  Aftonian  and  lowan  stages,"  and  the  estimate  of  Cham- 
berlin '  that  makes  the  ratio  of  time  to  the  present  from  the 
earliest  Wisconsin  and  from  the  Kansan  stages  as  2^  and  15 
respectively,  leaving  an  undetermined  figure  for  the  still  earlier 
portion  of  the  glacial  period.  That  would  make,  according  to 
Taylor's  figuring  of  150,000  to  300,000  years  for  the  Wisconsin 
invasion  and  retreat,  a  period  of  somewhere  between  900,000 
and  1,800,000  years  back  to  the  beginning  of  the  Kansan  drift. 
These  figures  are,  it  is  true,  rather  staggering,  but  it  is  not  abso- 
lutely necessary  to  accept  the  two  estimates  and  combine  them. 
There  may  be  other  ways  of  reckoning  the  duration  of  the  sepa- 
rate stages  of  the  drift.  Certain  it  is  at  least  that  neither  of  these 
authors  is  to  be  held  responsible  for  the  estimates  of  the  other, 
or  the  combination  of  the  two. 

In  conclusion,  the  reasoning  of  this  article  may  be  summar- 
ized as  follows  : 

The  estimates  of  the  duration  of  the  glacial  period  by  promi- 
nent geologists  vary  almost  as  widely  as  possible.  It  is  probably 
useless  to  attempt  to  obtain  any  approximate  estimate  of  its 
maximum  duration,  but  we  have  in  the  transportation  of  erratics 
a  simple  method  by  which  an  ultimate  minimum  of  the  time 
occupied  may  be  obtained.  Accepting  the  land  ice  hypothesis 
of  the  deposition  of  the  till,  we  must  from  all  analogies,  and  all 
our  knowledge  of  glaciers  and  ice-caps,  admit  that  the  motion  of 
the  ice-sheet  was  slow,  and  that  it  probably  did  not  exceed  a  few 
inches  a  day  ;  indeed,  apart  from  the  evidence  of  the  till  and  its 
contained  erratics,  it  is  hard  to  find  any  grounds  for  belief  in  its 
motion  over  large  proportions  of  the  occu[)ied  territory.   Krratics 

«  Loc.  cit.,  p.  360.  *  Loc.  cit. 
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that  are  known  to  have  been  transported  distances  of  from  500 
to  1000  miles  could  not  have  traveled  faster  than  the  main  body 
of  the  ice,  and  must,  as  we  know  from  the  evidences  they  bear 
of  retardation  and  friction,  have  traveled  much  more  slowly. 
Even  allowing  the  extravagant  estimate  of  two  Ic^i  per  diem  for 
the  ice  movement  throughout  (and  the  recent  investigations  of 
Chamberlin  and  others  on  the  Greenland  ice-cap  have  demon- 
strated that  this  is  an  improbability)  we  can  demonstrate  that 
a  single  invasion  competent  for  the  transportation  of  a  single 
erratic  from  its  northern  source  to  the  southern  limits  of  the 
drift  would  have  required  a  period  of  from  15,000  to  20,000 
years.'  If  we  admit,  as  is  more  reasonable,  that  the  average 
ice  motion  was  much  less  than  this, —  probably  not  over  a  very 
few  inches  per  diem,  we  will  have  to  more  than  quadruple  this 
estimate.  Taking  into  account,  however,  the  inevitable  conclu- 
sion that  the  duration  of  a  single  ice  invasion  was  not  limited  to 
the  conveyance  of  a  single  erratic  or  simultaneous  group  of 
erratics,  and  that  there  were,  in  all  probability,  several  of  these 
invasions  with  intermediate  periods  of  sufficient  length  to  allow 
the  development  of  extensive  forests  and  the  accumulation  of 
heavy  deposits  of  vegetable  mold,  indicating  a  lapse  of  proba- 
bly many  thousand  years,  we  are  compelled  to  multiply  the 
above  figures  by  an  indefinite  multiplier.  The  outcome  in  any 
case  is  that  the  brief  duration  allowed  for  the  glacial  period  by 
some  recent  authorities  is  absolutely  incompatible  with  the  evi- 
dence of  erratics,  according  to  the  land  ice  or  glacier  theory  of 
the  deposition  of  the  drift. 

*  I  have  not  in  my  argument  taken  account  of  the  slowness  of  advance  of  the  ice 
border  which  must  also  be  considered  in  calculating  the  total.  Opposed  to  each  year's 
advance  there  must  have  been  a  summer's  melting,  and  judging  from  the  evidence  of 
the  Greenland  ice-cap,  this  latter  element  must  have  been  of  considerable  importance. 
The  Greenland  ice-sheet  hardly  gains  at  all  upon  the  unoccupied  land  even  in  North 
Greenland,  the  ice  surplus  all  escaping  by  the  few  glacial  outlets  which  are  much  less 
active  than  those  in  South  Greenland.  In  the  case  of  the  Laurentide  glacier  trench- 
ing upon  a  fairly  temperate  region  with  a  long  summer,  the  estival  melting  must  have 
been  quite  marked.  The  additional  transportation  by  flood  torrents,  etc.,  can  be  esti- 
mated by  the  extent  of  the  till  deposits  as  compared  with  glacial  striae,  which  even  in 
southern  Illinois  are  reported  as  found  on  the  underlying  rocks  nearly  to  the  southern 
margin  of  the  drift. 
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I  have  not  attempted  in  this  article  to  exhaustively  discuss 
the  evidence  of  the  slow  motion  of  the  ice  in  the  Laurentide 
glacier.  Much  more  could  have  been  said  on  that  point,  but  any- 
one who  has  followed  the  recently  published  studies  of  glacial 
phenomena  in  Greenland  by  Chamberlin,  Salisbury,  and  others, 
will  be  able  to  supply  most  of  the  deficiencies  in  my  argument. 
The  present  paper  is  simply  the  statement  of  views  that  were 
suggested  by  a  consideration  of  some  aspects  of  the  glacial 
theory  as  an  amateur  geologist. 

I  wish  to  also  acknowledge  here  my  indebtedness  to  Profes- 
sor T.  C.  Chamberlin  for  valuable  suggestions  on  certain  points 

here  discussed. 

H.  M.  Bannister,  M.D. 

Chicago. 


ON  THE  PRESENCE  OF  PROBLEMATIC  FOSSIL 

MEDUSA    IN    THE  NIAGARA  LIMESTONE 

OF  NORTHERN   ILLINOIS.* 

For  more  than  a  year  past  my  attention  has  been  directed  to 
some  peculiar  fossils  from  the  dolomitic  Niagara  limestone  of 
northern  Illinois,  in  the  collections  of  Walker  Museum  at  the 
University  of  Chicago  and  of  the  Chicago  Academy  of  Science. 
The  exact  horizon  and  location  from  which  the  specimens  were 
obtained  have  in  no  case  been  recorded,  but  the  general  local- 
ity for  them  all  is  Joliet,  111.  Additional  specimens  have  recently 
been  secured  from  the  excavations  of  the  Chicago  drain- 
age canal,  by  Mr.  L.  H.  Hyde,  of  Joliet,  and  these  have  been 
kindly  loaned  for  study. 

The  complete  specimens  of  this  peculiar  fossil  are  disk-like 
impressions,  subcircular  in  general  outline,  with  the  periphery 
lobed,  and  with  the  surface  radiately  corrugated  or  smooth.  In 
the  center  of  the  disk  is  a  funnel-shaped  depression  and  from 
the  center  of  this  depression  a  stemlike  process  rises  to  about 
the  general  level  of  the  surface  of  the  disk.  The  disk  is  divided 
by  four  ridges,  radiating  at  right  angles  from  the  center,  into  four 
quadrants.  The  entire  disk  is  rarely  preserved  intact,  the  larger 
number  of  specimens  being  the  separate  triangular  quadrants. 
Several  species  arc  rej)resentcd  in  the  collection  which  differ  in 

*  Just  as  this  paper  is  goini^  to  press  additional  material  from  the  collection  of 
Mr.  E.  E.  Teller,  of  Milwaukee,  Wis.,  has  come  to  the  writer,  which  throws  a  very 
different  light  upon  the  nature  of  Cryptodiscus.  One  of  the  specimens  in  this  collec- 
tion shows  a  complete  disk  of  Cryptodiscus  situated  at  the  summit  of  a  tube  composed 
of  plates  which  are  arranged  essentially  as  the  plates  in  the  anal  tube  of  Callicrinus, 
The  evidence  of  these  specimens  seems  to  establish  the  fact  that  Cryptodiscus  is  si 
remarkable  disk-like  expansion  of  the  four  plates  forming  the  terminal  ring  of  the 
anal  tube  of  some  crinoid,  probably  Caliicrinus.  Additional  evidence  for  the  correla- 
tion of  Cryptodiscus  with  Caliicrinus  is  found  in  the  fact  that  the  genus  Caliicrinus 
occurs  at  every  locality  where  Cryptodiscus  has  been  obser\'ed.  The  specimens  in 
Mr.  Teller's  collection  will  be  illustrated  and  more  fullydescribed  at  another  time. 
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the  lobing  of  the  periphery  and  in  the  ornamentation  of  the  disk. 
As  in  the  case  of  most  of  the  fossils  in  this  formation,  the  actual 
substance  has  been  dissolved  out  leaving  a  mold  in  the  rock, 
and  the  specimens  which  have  been  collected  are  generally  but 
one  side  of  a  thin  disklike  cavity.  None  of  the  specimens  have 
been  actually  observed  ;//  situ,  but  it  is  believed  that  the  speci- 
mens usually  collected,  viz.,  those  with  the  central  depression 
and  elevation,  are  the  lower  sides  of  such  cavities.  The  upper 
sides  are  not  so  striking  in  appearance,  and  have  usually  not 
been  preserved  by  collectors.  A  few  have  been  observed,  how- 
ever, and  they  differ  from  the  lower  sides  in  being  nearly  plane 
over  the  central  part,  the  funnel-shaped  central  depression  with 
the  central  stemlike  process  being  absent.  Figure  A  represents 
diagramatically  a  cross-section  of  the  fossil,  cutting  the  disk 
diametrically. 


Fig.  a.  f>p  i)i>ints  upon  the  periphery  of  the  disk.  /  the  funnel-shaped  depres- 
sion in  the  center  of  the  lower  side,  s  the  stemlikc  elevation  in  the  center  of  the 
funnel-shaped  depression. 

In  examining  the  literature,  two  references  have  been  found 
to  fossils  similar  to  those  under  consideration.  The  first  of 
these  is  in  the  Twentieth  Report  of  the  Regents  of  the  New 
York  State  Cabinet  of  Natural  History,  where  Dr.  James  Hall, 
on  Plate  XI,  Fig.  i8,  gives  an  illustration  of  a  similar  fossil,  also 
from  the  Niagara  limestone.  No  description  of  the  specimen  is 
published  further  than  the  note  in  the  explanations  of  the  plate, 
which  is  as  follows:  '*The  calyx  of  a  Crinoidean  ?  of  a  new  and 
peculiar  type,  for  which  I  suggest  the  name  Crvptodiscus."  No 
locality  for  the  specimen  is  given,  but  the  species  in  the  accom- 
panying paper  are  all  from  southeastern  Wisconsin  or  northern 
Illinois. 

At  a  more  recent  date,  in  the  Eighteenth  Report  on  the  Geol- 
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ogy  and  Natural  History  of  Indiana,  Mr.  S.  A.  Miller  has  illus- 
trated a  single  quadrant  of  a  similar  fossil  from  the  Niagara  lime- 
stone at  St.  Paul,  Ind.  A  short  description  is  published,  but  no 
name  is  given  to  it.  Mr.  Miller  states  in  his  description  that  he 
has  seen  a  similar  fossil  from  the  Niagara  limestone  near  Chi- 
cago, circular  in  outline,  and  made  up  of  four  such  segments  as 
he  illustrates  from  St.  Paul.  The  fossil  he  had  in  mind  is  doubt- 
less one  of  those  illustrated  in  the  present  paper. 

Since  the  fossil  to  which  Hall  gave  the  name  Cryptodiscus  is 
without  doubt  a  form  similar  to  those  under  discussion,  his 
name  will  be  used  in  their  description,  although  it  has  never 
been  properly  published. 

No  satisfactory  explanation  of  the  nature  of  Cryptodiscus  has 
been  given  by  either  Hall  or  Miller.  Hall's  statement  with  a 
query,  that  it  is  the  calyx  of  a  crinoidean  can  hardly  be  correct  as 
the  quadrangular  symmetry  is  unlike  that  of  the  corresponding 
part  of  any  crinoid.  Miller  states  that  some  collectors  have  con- 
sidered the  fossil  to  be  the  operculum  of  a  coral,  but  he  himself 
does  not  seem  to  regard  this  interpretation  of  it  as  the  correct  one. 
The  genus  Goniophyllian  is  the  only  coral  possessing  an  operculum 
of  four  triangular  plates,  but  Cryptodiscus y  from  the  configuration 
of  the  disk,  need  not  be  compared  with  the  operculum  of  Gonio- 
phyllum. 

After  a  careful  consideration  I  am  led  to  believe  that  these 
peculiar  fossils  may  be  the  remains  of  medusae.  Though  the  mod- 
ern jellyfish  are  often  of  large  size,  they  are  singularly  unfitted 
for  preservation  as  fossils  because  of  the  entire  absence  of  hard 
parts.  Under  favorable  conditions,  however,  impressions  of 
these  organisms  have  been  preserved  which  admit  of  syste- 
matic determination.  Such  impressions  have  been  described 
from  the  U|)per  Jurassic  and  the  Upper  Cretaceous  in  Europe. 
Of  a  more  questionable  nature  are  the  Cambrian  fossils  from 
Sweden  and  America  which  have  been  referred  to  the  Medusae 
by  Nathorst  and  Walcott. 

Although  Cryptodiscus  has  in  general  the  symmetry  of  the 
medusre,  the  idea   of   its    being   the   mere  impression  of  such  a 
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creature  is  abandoned  for  two  reasons  :  First,  the  specimens 
are  not  mere  impressions  in  the  rock,  but  are  cavities  with  an 
upper  and  a  lower  side,  from  which  the  actual  solid  substance  of 
some  fossil  has  been  dissolved.  In  the  second  place  there  is  no 
reason  why  the  mere  impression  in  the  mud  of  the  umbrella  of 
medusae,  should  generally  break  into  regular  quadrants  and  be 
preserved  as  such.  If  we  consider,  however,  that  the  specimens 
of  Cryptodiscus  are  the  casts  of  the  gastric  cavities  of  medusa:, 
both  of  these  difficulties  are  eliminated.  The  gastric  cavities  of 
some  living  medusae  are  divided  by  thin  partitions  into  four 
pouches.'  If  such  a  gastric  cavity  were  filled  with  a  fine  sediment, 
and  if  after  the  decomposition  of  the  soft  parts  of  the  creature, 
this  cast  should  become  fossilized,  it  is  easy  to  imagine  that  the 
four  lobes  of  the  cast  might  often  become  partially  or  wholly  sepa- 
rated or  destroyed  during  the  process.  The  one  serious  objec- 
tion to  this  theory  is  that  probably  the  material  originally  filling 
the  cavity  of  the  medusa  would  be  so  nearly  identical  with  that 
in  which  the  cast  was  buried,  that  it  would  not  be  leached  out, 
as  would  the  shell  of  a  brachiopod,  for  instance,  which  was  of  a 
different  character  from  the  matrix  in  which  it  was  buried. 

DESCRIPTION    OF    SPECIES. 

In  reading  these  descriptions  and  examining  the  illustrations, 
it  should  be  kept  in  mind  that  they  have  all  been  drawn  from 
the  impressions  in  the  limestone  and  are  consequently  the 
reverse  of  what  the  actual  fossil  would  be.  That  is,  what  is 
described  as  a  groove  in  these  impressions  would  be  a  ridge  in 
the  actual  fossil. 

Cryptodiscus  cornigatus  n.  sp.      Figs.  1-2. 

Disk  7  to  10  ^"^  in  diameter,  finely  and  deeply  lobed  on 
the  peri|)hery.  Funnel-shaped  depression  in  the  center  lo  to 
I  5"^"^  in  diameter  on  the  [)lane  of  the  disk,  narrowing  below  to 
the  base  of  the  central  stemlike  process  which  is  from  3  to  5'"™ 
across  and  rises  6  to  8"""  to  the  general  plane  of  the  disk.     Sur- 

'  See  figure  nf  a  Calytozoon  i I.ttcernaria)^  Cl.Airs  ami  SKl»r.\VK;K,  Text-Hook  of 
Zoology,  Vol.  I,  p.  257,  Kig.  197. 
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fa''-':  of  tij*:  c:tk  omanitcttc  uitb  fr-'jz:  :  ?  to  2Z  raciaiirii:  cor- 
r-;:<t'.:or*-  or:  tach  '^--.acrar:.  which  exiezf  abc'-t :-»  o-iliirds  of  the 
c .  t tirj Cf:  fro :i:  t h e  ;xrr; ;.h trry  t o  the  center.  Eac h  zroc- ve  upon  the 
c'yrr-;;i''att:c  v-rface  extendi  to  the  t:;.-  of  :::t  o:  the  narrow  lobes 
oi  th':  \/*tr\]A,try .  Central  ponior,  of  the  disk  within  the  prox- 
j:j;ai  ': fid's  of  the  corr  j^^ation^.  with  the  exception  of  the  central 
depre^^ion.  plant.  The  whole  surface  of  the  disk,  in  well-pre- 
^zT\'<:<i  ^j>ecirnens.  minutely  pitted.  The  four  ridges  which 
divid*;  the  di'jk  into  Jobes  start  from  four  angles  upc»n  the  cen- 
tral 'stem like  process.  The^e  ridges  ut^on  the  more  weathered 
\\,*'j:mv:u^.  become  nearly  or  quite  obsolete  distallv.  The  lobed 
perijyhery  of  the  disk  is  rarely  perfectly  preserved,  and  in  onlv 
the  f>est-jyreservcd  specimens  can  the  minutely  pitted  surface  be 
ol>v:rved. 

'Mie  specimens  figured  are  from  the  collection  of  Mr.  L.  H. 
Hyde;  beside  these  the  species  is  represented  in  the  collections 
of  Walker  Museum  and  of  the  Chicago  Academy  of  Science.  It 
is  tlie  commonest  sj>ecies  of  the  genus  which  has  been  observed, 
and  to  it  may  probably  be  referred  the  specimen  figured  by 
Mill<:r  from  St.  Paul,  Ind. 

Cryptodiscus  hydci  n.  sp.  Figs.  3-4. 

iJisk  5  to  8""  in  diameter,  deeply  lobed  between  the  quadrants 
giving  the  entire  specimens  much  the  form  a  of  Maltese  cross. 
I)istal  margins  of  the  lobes  in  no  case  perfectly  preserved.  Fun- 
nrl -shaped  depression  in  the  center  10  to  12'""™  in  diameter  on 
till-  plane  of  the  disk,  narrowing  to  the  base  of  the  central  stem- 
liktr  process  which  is  5  to  6"""  in  diameter,  rounded  over  the  top, 
and  rising  from  5  to  7""",  a  little  above  the  general  plane  of  the 
disk.  Surlace  of  the  disk  smooth,  sometimes  with  shallow,  ill- 
defined  radial  depressions  extending  from  the  center  along  the 
lateral  margins  of  each  lobe  to  the  distal  angles.  In  one  speci- 
men a  shallow,  ill-defined  radiating  dej)rcssion  is  seen  extending 
from  near  the  center  of  the  distal  margin  towards  the  proximal 
angle.  The  four  ridges  which  divide  the  disk  into  quadrants,  start 
from  four  angles  upon  the  central  stemlike  process  and  are 
prominent  to  the  bottoms  of  the  lobes  of  the  periphery. 
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The  specimens  figured  are  from  the  collection  of  Mr.  L.  H. 
Hyde. 

Cryptodiscus  digitatus  n.  sp.  Figs.  6-7.     5? 

Only  the  detached  quadrants  of  this  species  have  been  observed. 
Each  quadrant  is  deeply  divided  into  three  primary  lobes,  the 
two  lateral  lobes  being  again  divided  in  a  manner  not  clearly 
shown  in  the  specimens.  Surface  covered  with  fine  pits  which 
are  coarser  towards  the  proximal  angles.  Central  depression 
narrow  and  deep. 

In  one  specimen,  Fig.  5,  which  may  belong  to  a  distinct 
species,  the  central  lobe  of  the  quadrant  is  deeply  bifurcate,  and 
the  lateral  lobes  are  mpre  deeply  and  more  divergently  divided 
than  in  the  type.  This  specimen  is  also  of  interest  in  showing 
two  quadrants  somewhat  separated,  but  still  holding  their  rela- 
tive position. 

The  specimens  figured  are  from  the  collection  of  Mr.  L.  H. 
Hyde. 

Cryptodiscus  bilobus  n.  sp.  Fig.  8. 

A  single  quadrant  of  this  species  has  been  observed,  but  that 
one  is  nearly  perfect.  The  distal  margin  is  divergently  bilobed, 
with  each  lobe  marked  by  a  well  defined,  rounded,  radiating 
furrow  which  extends  nearly  to  the  proximal  angle,  dividing  the 
plane  of  the  quadrant  into  three  subequal  triangular  areas. 
Each  of  these  areas  is  ornamented  with  fine  striae  which  diverge 
from  the  margins  of  the  two  radiating  furrows.  The  central 
depression  of  the  disk  narrow  and  deep. 

The  type  specimen  is  in  the  collection  of  Walker  Museum. 

EXPLANATION  OF  PLATE. 

Figs.  1-2.   Cryptodiscus  corrugatus, 

1.  A  complete  specimen  with  the  periphery  imperfect. 

2.  A  single  quadrant  showing  some  of  the  narrow  lobes  of  the 
periphery. 

Figs.  3-4.   Cryptodiscus  hydri. 

3.  A  complete  specimen  with  the  periphery  imperfect. 

4.  A  single  detached  quadrant. 
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Figs.  5-7.   Cryptodiscus  digitatus. 

5.  Two  quadrants  detached  but  still  holding  their  relative  position. 
Possibly  a  distinct  species. 

6.  The  lower  side  of  the  type  specimen. 

7.  The  upper  side  of  the  type  specimen. 

Fig.  8.         Cryptodiscus  bilobus. 
The  type  specimen. 

Stuart  Weller. 

Walker  Museum, 
University  of  Chicago. 


Editorial. 


The  seventh  session  of  the  International  Congress  of  Geolo- 
gists was,  and  undoubtedly  will  always  remain,  the  most  remark- 
able in  the  history  of  this  organization.  In  conception  and  in 
execution  its  plans  far  exceeded  those  of  any  session  that  pre- 
ceded it,  and  were  much  greater  than  may  be  expected  for  any 
that  may  follow.  Governmental,  industrial  and  social  forces 
conspired  to  secure  the  success  of  the  programme  prepared  by 
the  Russian  geologists.  A  most  powerful  government  not  only 
lent  its  hearty  sympathy  but  furnished  material  assistance  and 
co5peration.  The  Emperor  and  Empress  received  a  delegation 
from  all  the  countries  represented  at  the  congress,  and  all  mem- 
bers in  attendance  were  given  a  luncheon  in  the  summer  palace. 
The  Grand  Duke  Constantine  Constantinovitch  and  the  Princess 
d'Oldenbourg  and  the  Minister  of  Agriculture  and  Domains 
opened  the  session  and  welcomed  the  members  toSt.Petersbourg. 
The  Grand  Duke  Constantine  and  the  Grand  Duchess  Elisabeth 
Mavrikievna  entertained  a  large  number  of  the  geologists  at  their 
palace.  The  mayor  of  St.  Petersbourg  invited  all  the  members 
to  a  reception  in  the  city  hall.  These  tokens  of  good  will  and 
approval  could  not  have  been  stronger;  their  genuineness  was 
proved  by  the  material  benefits  enjoyed  by  all  who  took  part  in 
the  congress  and  the  excursions.  First-class  passes  were  furn- 
ished over  all  the  railroads  of  European  Russia  and  Finland, 
good  for  three  months,  and  entitling  one  to  the  use  of  sleeping 
cars.  Manv  official  courtesies  were  also  extended  which  often 
amounted  to  complete  freedom  from  customs  and  police  surveil- 
lance, and  greatly  simplified  traveling  through  various  govern- 
mental provinces  into  remote  parts  of  the  empire.  Industrial 
enterprises,  in  any  way  indebted  to  geological  science,  exhibited 
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the  same  energy  in  advancing  the  interests  of  the  visiting  geo- 
logists that  characterizes  their  development  of  the  natural 
resources  of  the  country  making  it  possible  to  inspect  mines 
and  study  artificial  exposures  of  great  interest.  The  magnitude 
of  their  hospitality  also  will  long  be  remembered.  It  was 
prompted  by  a  generosity  that  seemed  common  to  all  classes  of 
people  throughout  the  empire,  as  was  shown  upon  one  occasion 
by  the  presentation  of  bread  and  salt  by  the  miners  of  Colou- 
bovka  in  token  of  the  humble  hospitality  they  would  be  glad  to 
show  us  in  their  houses  if  we  could  have  visited  them.  The 
same  hearty  welcome  was  met  with  in  the  cities  and  on  the 
farms  of  Finland,  among  the  miners  in  the  Urals,  and  in  the 
town,  or  camp,  or  monastery  in  Transcaucasia  —  everywhere  the 
same  generous  spirit  and  the  same  expr-essions  of  good  will. 

The  brilliant  success  of  the  seventh  session  reflects  great 
credit  on  Russian  geologists.  To  them  are  due  both  the  con- 
ception and  execution  of  the  programme.  The  labor  required 
for  the  preparation  of  maps  and  guides  and  for  the  arrangement 
for  the  meeting  and  the  excursions  can  hardly  be  realized  by 
anyone  who  has  not  been  engaged  in  similar  undertakings.  The 
general  secretary.  Professor  Tschernyschew,  devoted  two  years 
to  the  preliminary  work,  and  others,  no  doubt,  had  a  very  con- 
siderable share  in  it.  The  management  of  the  excursions  was 
admirable,  when  it  is  remembered  what  difficulties  of  transporta- 
tion and  limitations  of  accommodation  had  to  be  overcome  and 
when  the  number  of  participants  is  taken  into  account.  The 
gratitude  of  all  the  excursionists  is  due  to  the  leaders  of  the 
several  expeditions  for  the  manner  in  which  everything  within 
their  control  was  conducted.  Their  labors  and  good  intentions 
were  fully  appreciated,  except  by  tho.se  unfortunates  whose  first 
impulse  on  all  such  occasions  is  to  criticise  and  complain,  and 
whose  subse(juent  effort  is  to  find  excuse  for  having  done  so. 
When  it  is  remembered  that  in  addition  to  their  responsibility 
for  the  details  of  the  excursion,  the  leaders  have  also  to  expound 
the  geology  and  undergo  a  cross  fire  of  questions  and  scientific 
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criticism,  and  not  infrequently  to  have  judgment  hurriedly  passed 
against  them  on  insufficient  evidence,  the  degree  of  indebtedness 
to  those  who  undertake  such  responsibilities  is  even  greater  than 
at  first  appears. 

*♦* 

The  actual  meetings  of  the  congress  were  reduced  to  a  mini- 
mum. Of  the  eight  days  set  apart  for  the  session  in  St.  Peters- 
bourg,  four  only  were  occupied  by  the  reading  of  papers  and  by 
discussion  ;  two  were  given  to  the  opening  and  closing  cere- 
monies, and  two  were  taken  for  excursions.  The  wisdom  of  this 
allotment  is  open  to  criticism.  But  it  was  evident  at  the  time 
that  the  most  interesting  feature  of  the  session  for  the  general 
member  was  the  social  intercourse  between  members,  proving 
that  the  individuality  of  those  present  was  of  more  immediate 
interest  than  the  papers  read.  The  audience  room  unfortunately 
was  not  well  adapted  to  the  purpose,  owing  to  its  large  size  and 
the  interruptions  by  members  passing  through  it.  It  was  appar- 
ent to  many  that  there  would  be  a  distinct  gain  if  in  future  ses- 
sions there  should  be  meetings  by  sections  for  those  interested 
in  specialized  branches  of  geology,  in  connection  with  general 
meetings,  in  which  all  might  be  interested.  It  would  permit  the 
specialist  to  present  more  technical  papers,  and  would  allow  of 
more  time  for  their  discussion  without  encroaching  upon  the 
time  of  others.  Topics  so  diverse  as  palaeontology  and  petrol- 
ogy could  be  treated  at  the  same  time  without  conflict,  and  with 
mutual  advantage.  The  consciousness  that  a  paper  would  be 
too  technical  for  a  general  audience,  and  that  it  should  be  made 
as  short  as  possible  often  deters  one  from  devoting  the  necessary 
time  to  its  preparation.  But  with  the  possibilities  of  an  audi- 
ence such  as  might  be  commanded  at  an  international  congress, 
and  with  time  enough  at  one's  disposal,  there  could  be  no  stronger 
incentive  for  the  presentation  of  one's  best  possible  production. 
It  is  to  be  hoped  that  the  French  geologists  will  inaugurate  this 
practice  at  the  session  in  Paris  in  1900. 

The  nature  of  the  scientific  proceedings  of  the  session  will 
be  noted  in  another  issue  of  the  Journal.  J.  P.  I. 
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It  is  pleasant  to  announce  that  our  colleague  of  the  Journal 
staff,  Dr.  Hans  Reusch,  has  been  engaged  to  give  two  courses 
of  lectures  at  Harvard  University  during  the  current  year.  In 
the  first  half  of  the  year  he  will  treat  of  vulcanism,  volcanoes, 
eruptive  rocks,  earthquakes  and  other  movements  of  the  Earth's 
crust.  In  the  second  half  he  will  describe  the  geology  of 
northern  Europe  and  its  relations  to  general  geology.  He  will 
give  a  weekly  seminar  to  advanced  students  and  will  take  part 
in  their  field  and  laboratory  work,  his  special  subjects  being  the 
geology  of  the  seashore  and  the  geology  of  special  districts  in 
Europe.  These  lectures  are  given  on  the  Sturgess- Hooper 
foundation  recently  occupied  by  Professor  J.  D.  Whitney,  but 
vacant  since  his  death.  C. 


Reviews. 


The  Unpublished  Papers  of  the  Geological  Survey  of  Brazil,  {Fra- 
balhos  restafites  ineditos  da  Commissdo  Geologic  a  do  Brazil.^ 
Boletim  do  Musen  Paracnse,  Vol.  II,  No.  2.  Oct.  1897. 
pp.  155-204. 

At  the  suggestion  of  Professor  O.  A.  Derby,  now  chief  of  the  State 
Geological  Survey  of  Sao  Paulo,  the  Para  Natural  History  Museum 
{Museu  Paraense)  has  undertaken  to  publish  the  unpublished  papers 
of  the  defunct  Geological  Survey  of  Brazil  relating  to  the  geology  and 
physical  geography  of  the  lower  Amazon.  The  October  number  of  the 
Boletim  contains  the  first  installment  of  these  papers.  The  parts  thus 
published  consist  of  an  "Introduction,"  "The  Breves  Region,"  and 
"The  Rio  Tocantins"  by  Ch.  Fred.  Hartt,  and  of  "The  Island  of 
Marajo"  and  a  "Reconnaissance  of  the  Rio  Maecuni"by  O.  A.  Derby. 
These  are  to  be  followed  later  by  other  chapters  on  "  Rio  Trombetas" 
by  Derby,  on  "Paracary"  by  Herbert  H.  Smith,  and  on  the  "Tajury," 
" Paranaquara,"  "Serra  da  Maxira,"  and  "Monte  Alegre  and  Erer6" 
by  Hartt. 

These  papers  represent  work  done  by  the  extinct  Commissao  Geo- 
logia  do  Brazil  from  1875  to  1878,  and  it  might  be  supposed  that  it  is 
now  too  late  to  publish  them,  especially  as  the  Museu  Paraense  has 
lately  begun  active  work  in  the  same  region.  But  it  should  be  remem- 
bered that  the  State  of  Pard,  occupying  the  whole  of  the  Lower  Ama- 
zon, covers  an  area  of  443,900  square  miles  —  nearly  twice  that  of  the 
state  of  Texas  —  and  that  the  difficulties  of  exploration  in  the  dense 
and  trackless  forests  that  cover  that  sparsely  inhabited  region  are 
almost  or  quite  beyond  the  comprehension  of  those  who  have  not 
encountered  them. 

As  Hartt  well  says,  when  he  entered  the  Amazon  valley  for  the  first 
time  in  1870,  it  was,  geologically,  a  terra  ipicogNita,  Since  that  time 
and  as  the  result  of  the  tireless  efforts  of  Hartt  and  Derby  a  vast 
amount  of  important  information  has  been  gathered  and  published 
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upon  the  geology  of  the  Amazon  valley.  Among  these  contributions 
are  Hartt's  and  Rathbun's  papers  on  the  Devonian  fossils  of  Pard, 
Derby's  papers  on  the  Carboniferous  and  on  the  Physical  Geography 
of  the  Lower  Amazon,  and  Clarke's  report  on  the  Erer^  tribolites, 
besides  a  number  of  papers  of  minor  importance,  but  all  of  them  of 
value. 

Director  Goeldi  deserves  great  credit  for  bringing  out  at  last  the 
work  of  the  men  who  have  done  so  much  and  such  important  pioneer 
work  for  geology  in  Brazil. 


The  Devoniafi  fauna  of  the  Red  Maecuru,     By  Dr.  F.  Katzer. 

The  same  number  of  the  BoUtim  contains  an  interesting  paper  by 
Dr.  Friederich  Katzer  on  "The  Devonian  fauna  of  the  Rio  Maecurii, 
and  its  relations  to  the  faunas  of  the  other  Devonian  terranes  of  the 
globe."  His  studies  are  based  upon  the  materials  gathered  by  Hartt 
and  Derby  and  some  later  collections  made  in  1896.  The  conclusion 
is  reached  that  the  Rio  MSecuril  fauna  resembles  more  closely  that  of 
the  middle  Devonian  of  North  America  than  it  does  the  lower  Devon- 
ian with  which  it  has  hitherto  been  correlated.  One  of  the  beds  he 
correlates  more  exactly  with  the  Hamilton  of  the  New  York  section. 
In  comparing  the  fauna  with  the  Devonian  of  Europe  he  says  it  should 
be  compared  to  the  upper  part  of  the  lower  Devonian.  "But  as  there 
can  be  no  doubt  that  the  Rio  MSecurii  fauna  corresponds  to  that  of 
the  Hamilton  of  North  America,  which  is  now  considered  to  belong  to 
the  middle  Devonian  we  are  obliged  to  assume  a  non- simultaneous 
development  of  certain  forms  in  the  American  and  European  provinces  of 
the  Devonian  sea^  or  a  migration  of  these  forms  from  the  latter  to  the 
former  provinces.  Thus  the  spirifers  with  long  wings  show  their  prin- 
cipal development  in  the  Rhenish  Lower  Devonian,  but  in  North 
America  and  on  the  Rio  MAecurii  only  in  the  middle  Devonian.  Fro- 
pidoleptus  carinatus  Conrad  is  found  on  the  Rhine  in  the  lower  Coblenz 
beds,  while  in  America,  including  the  Rio  MAecurii  territory,  it  occurs 
only  in  the  middle  Devonian.  The  same  is  true  of  corals  of  the  genus 
Pleurodictyum  which,  in  Europe,  are  found  predominating  in  the  lower 
Devonian  and  in  America  in  the  middle  Devonian. 

"  All  this  shows  that  these  groups  of  animals,  probably  on  account 
of  progressive  alterations,  especially  of  depth,  in   the  sea  of  the  first 
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Devonian  epoch,  migrated   from   Central    Europe  to  America  where 
they  are  now  presented  in  the  middle  Devonian." 

Dr.  Katzer*s  study  of  these  Brazilian  fossils  is  especially  interesting 
in  connection  with  the  work  of  Dr.  Henry  S.  Williams  on  the  fauna  of 
the  Cuboides  Zone.     (Bull.  G.  S.  A.  I.  481-500.) 

John  C.  Branner. 


Report  of  the  United  States  Deep  Waterways  Commission.  By  the 
Commissioners  James  B.  Angell,  John  F.  Russell,  Lyman 
E.  CooLEV.     Washington,  1897. 

The  Deep  Waterways  Commission  was  appointed  by  the  President 
in  response  to  a  joint  resolution  of  Congress,  introduced  in  February 
1895,  to  make  inquiry  and  report  after  conference  with  such  similar 
Commissioners  as  might  be  appointed  on  behalf  of  Great  Britain  or 
the  Dominion  of  Canada,  concerning  the  feasibility  of  the  construction 
of  canals  which  will  enable  vessels  engaged  in  ocean  commerce  to  pass 
into  the  Great  Lakes.  The  United  States  Commissioners  and  also 
those  appointed  by  the  Canadian  government  have  devoted  a  year  or 
more  to  the  investigation  and  have  prosecuted  their  inquiries  with  such 
thoroughness  that  their  report  contains  much  of  value  to  geologists 
and  hydrographers  as  well  as  the  commercial  world.  It  embraces  263 
pages  of  descriptive  and  statistical  matter  and  an  elaborate  series  of 
maps,  diagrams  and  profile  sections. 

Of  interest  to  geologists  and  hydrographers  are  the  tables  and  dia- 
grams exhibiting  the  fluctuations  in  the  levels  of  the  Great  Lakes  and 
their  outlets  for  each  month  from  i860  to  1895  ;  a  report  and  dia- 
grams setting  forth  the  effects  of  gales  on  Lake  Erie  ;  and  an  accurate 
map  of  the  basin  of  the  Cireat  Lakes.  The  length  of  the  ice  season  is 
treated  with  great  fullness,  there  being  176  specific  tables  and  five  dia- 
grams, covering  not  only  the  basin  of  the  Great  Lakes  but  much  sur- 
rounding territory.  The  profiles  setting  forth  the  variations  in  depth 
of  the  several  lakes  with  their  connecting  channels  and  of  the  St.  Law- 
rence and  Hudson  rivers,  give  a  clearer  impression  than  can  be  obtained 
from  charts.  The  great  inequalities  in  depth  found  in  the  lower  por- 
tions of  the  Hudson  and  St.  Lawrence  rivers  are  brought  out  with 
especial  clearness,  and  they  will  stimulate  inquiry  into  the  history  or 
mode  of  development  of  such  abnormal  stream  beds. 
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The  leading  deductions  from  the  work  of  the  commission  are  as 
follows  :  First,  that  it  is  entirely  feasible  to  construct  canals  between 
the  several  Great  Lakes  and  the  seaboard  which  will  be  adequate  to 
any  scale  of  navigation  that  may  be  desired ;  second,  the  most  eligible 
route  from  the  heads  of  Lakes  Michigan  and  Superior  is  through  the 
several  Great  Lakes  and  their  intermediate  channels,  together  with  a 
proposed  ship  canal  from  Tonewanda  to  Olcott  in  Lake  Ontario,  from 
which  the  Canadian  seaboard  may  be  reached  by  way  of  the  St.  Law- 
rence River,  and  the  American  seaboard  may  be  reached  by  way  of  the 
St.  Lawrence  River,  Lake  Champlain,  and  the  Hudson  River,  or  by 
way  of  the  Oswego-Oneida- Mohawk  Valley,  and  the  Hudson  River. 
The  direct  line  through  Georgian  Bay,  Lake  Nipissing,  Mattawa,  and 
Ottawa  rivers,  although  presenting  no  great  engineering  difficulties,  is 
not  considered  an  available  alternative  to  the  route  by  way  of  Lake 
Erie,  since  the  work  of  construction  'is  much  more  serious,  the  water 
supply  limited,  the  ice  season  longer,  and  the  amount  of  traffic  along 
the  line  much  smaller.  Until  comprehensive  surveys  have  been  made 
it  will  be  impossible  to  say  how  far  lockage  and  restricted  channels  will 
offset  the  apparent  saving  in  distance.  F.  L. 


The  Former  Extension  of  the  Appalachians  across  Mississippi,  Louisi- 
ana and  Texas.  By  Professor  J.  C.  Branner.  From  the 
American  Journal  of  Science,  Vol.  IV,  November  1897. 

The  paper  is  a  brief  and  compact  statement  of  the  ground  upon 
which  the  author  concludes  that  the  Appalachian  Mountains  formerly 
had  the  extension  indicated  by  the  title.  That  the  mountains  disap- 
peared by  subsidence  over  the  area  named  is  evidenced  by  the  following: 
(i)  the  reversal  of  the  drainage  of  both  the  Arkansas  and  the  Texas 
Carboniferous  areas ;  (2)  the  truncation  of  the  eastern  part  of  the 
Ouachita  uplift  by  Cretaceous  and  Tertiary  sediments;  (3)  the  general 
slope  of  the  Ouachita  uplift  is  toward  the  east ;  (4)  the  general  direction 
of  the  drainage  of  the  Ouachita  uplift  is  toward  the  southeast,  which  is 
the  direction  of  the  principal  axis  of  disturbance ;  (5)  the  faults  and 
folds  across  the  eastern  end  of  the  Boston  Mountains  are  approximately 
parallel  to  the  Cretaceous  and  Tertiary  margin  ;  (6)  the  great  fault 
near  the  Tertiary  border  of  Texas  and  the  still  greater  faults  in  Ala- 
bama, with  the  downthrow  (which  is  great)  on  the  embayment  side  of 
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the  Appalachian  axis;  (7)  the  eruptive  rocks  and  hot  springs  accom- 
panying the  faults  and  Tertiary  border  in  Texas  and  Arkansas  ;  (8)  the 
great  thickness  (5000  to  10,000  feet)  of  the  Cretaceous  and  post-Creta- 
ceous sediments  in  the  depressed  area. 

Among  other  important  things,  the  author  concludes  that  the 
Ouachita  uplift  is  the  structural  equivalent  of  the  Cincinnati-Nashville 
arch;  that  the  Coal  Measure  drainage  of  the  Illinois-Indiana-Kentucky 
area  was  into  the  Carboniferous  mediterranean  sea  through  the  Arkansas 
valley;  and  that  the  drainage  of  the  Arkansas  and  Texas  Carbonifer- 
ous areas  was  reversed  about  the  close  of  Jurassic  times,  when  the 
orographic  movements  to  the  east  submerged  the  Appalachians  in 
Mississipi,  Louisiana  and  Texas. 

The  Palaeozoic  sediments  on  the  south  side  of  the  Ouachita  uplift 
are  coarser  than  on  the  north  side,  indicating  that  they  came  from  the 
the  south.  The  same  change  of  sediments  is  seen  in  the  Silurian 
novaculites  of  the  Ouachita  uplift.  It  is  on  this  ground  that  the 
Ouachita  uplift  is  made  the  equivalent  of  the  Cincinnati  arch. 

A.  H.  Purdue. 
Arkansas  State  University. 


Maryland  Geological  Survey,  Wo\,  1.     Wm.  Bullock  Clark,  State 
Geologist.     The  Johns  Hopkins  Press,  Baltimore,  Md. 

Following  the  good  example  set  by  some  of  the  recent  state 
geological  surveys,  the  survey  of  Maryland  presents  in  its  first  published 
volume  a  summary  of  the  geological  work  which  has  already  been 
done  within  the  state.  This  ground  is  covered  in  Parts  II,  III  and  IV 
of  the  i)resent  volume,  each  of  which  treats  of  the  subject  from  a  dif- 
ferent point  of  view.  The  first  gives  a  history  of  the  various  organi- 
zations which  have  carried  on  geological  work  within  the  state,  and 
references  to  the  work  of  individuals  not  immediatelv  connected  with 
organizations.  The  next  presents  a  summary  of  existing  knowledge 
concerning  the  geology  of  the  state,  unencumbered  by  references  to 
the  men  who  did  the  work,  the  dates  at  which  their  results  became 
known,  and  the  publications  where  they  were  set  forth,  references 
which,  if  present,  would  seriously  interrupt  the  continuity  of  the 
sketch.  In  this  sketch  are  incorporated  some  of  the  results  of  the 
reconnaissance  work  of  Dr.  Clark  and  his  assistants  since  the  organiza- 
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tion  of  the  present  survey.  The  third  part  of  the  report  referred  to 
above  (by  Dr.  E.  B.  Mathews),  is  a  careful  bibliography  of  the  publica- 
tions, both  textual  and  cartographic,  touching  the  geology  and  natural 
resources  of  the  state.  These  chapters,  which  constitute  the  strictly 
geological  part  of  the  volume,  are  prefaced  by  a  chapter  which  sets 
forth  the  plans  and  purposes  of  the  survey — a  chapter  well  worth  the 
perusal  of  those  who  are  charged  with  the  organization  or  execution  of 
such  surveys. 

Part  V  is  a  report  by  Dr.  L.  A.  Bauer  on  the  magnetic  work  in 
Maryland,  and  includes  a  sketch  of  the  history  and  objects  of  magnetic 
surveys.  Dr.  Bauer  has  determined  the  magnetic  elements  at  a  num- 
ber of  points,  and  has  brought  together  all  data  which  are  now  known 
concerning  this  interesting  subject,  so  far  as  applied  to  the  state. 

The  volume  is  illustrated  by  seventeen  well-executed  plates  and 
maps,  among  which  are  a  geological  map  of  the  state  as  now  under- 
stood, an  isogonic  map,  and  a  map  showing  lines  of  equal  magnetic 
inclination  and  the  preliminary  lines  of  equal  magnetic  force  (for 
January  1897). 

The  volume  is  to  be  commended  not  only  for  its  contents,  but  for 
the  excellence  of  its  typographic  work.  In  this  respect  it  is  in  pleasant 
contrast  with  the  cheap  volumes  sometimes  issued  by  similar  organi- 
zations. R.  D.  S. 
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THE  GEOLOGIC  RELATIONS  OF  THE  MARTINEZ 
GROUP  OF  CALIFORNIA  AT  THE  TYPICAL 
LOCALITY. 

The  term  ''Martinez  Group'*  was  first  used  by  W.  M.  Gabb 
in  his  classification  of  the  Cretaceous  of  California,*  the  group 
of  strata  provisionally  so  designated  being  considered  by  him 
as  standing  between  the  Chico  of  his  Cretaceous  A  and  his  Tejon 
or  Cretaceous  B.  The  Martinez  was  said  to  be  of  small  geograph- 
ical extent  and  to  bear  such  a  relation  to  the  Chico  that  future 
investigation  might  show  it  to  be  a  part  of  that  group.  About 
sixty  species  were  listed  by  Gabb  from  the  group,  most  of  them 
having  been  collected  near  the  town  of  Martinez,  in  Contra  Costa 
county. 

For  a  number  of  years  after  the  publication  of  the  second 
volume  of  Gabb*s  work  on  the  palaeontology  of  California,  the 
Martinez  group  was  scarcely  mentioned  in  geological  literature, 
probably  because,  as  described  by  him,  it  was  not  well  under- 
stood. However  as  the  Cretaceous  B  or  Tejon  came  to  be 
generally  considered  as  Eocene  the  importance  of  the  group,  as 
a  possible  connecting  link  between  the  Chico-Cretaceous  and 
the  Tejon-Eocene,  became  evident. 

*  See  Rep.  Geol.  Surv.  of  Cal.  Palaeontology,  Vol.  II,  p.  13  of   Preface.    Gabb 
divided  his  Californian  Cretaceous  into  a  lower  division,  A,  including  the  Shasta, 
Chico,  and  Martinez  (?),  and  an  upper  division,  B,  or  the  Tejon.     His  Cretaceous  B 
is  now  generally  regarded  as  Eocene. 
Vol.  V,  No.  8.  767 
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In  a  recent  publication*  by  Mr.  T.  W.  Stanton  the  fauna  and 
stratigraphy  of  a  number  of  the  most  important  of  Gabb*s  Mar- 
tinez localities  have  been  clearly  discussed  and  a  complete  reor- 
ganization of  the  hitherto  heterogeneous  group  effected.  Mr. 
Stanton  has  shown  the  Martinez  of  Gabb  to  consist  of  two  parts, 
one  characteristic  Cretaceous  and  inseparable  from  the  Chico 
group,  the  other  being  more  closely  related  faunally  and  strati- 
graphically  to  the  Tejon-Eocene  than  to  the  Chico.  The  upper 
portion  was  therefore  placed  with  the  Tejon  and  designated  as 
Lower  Tejon.  As  a  possible  modification  of  his  classification 
Mr.  Stanton  states  that,  *'if  more  detailed  field  work  makes  it 
desirable  to  retain  the  name  (Martinez)  at  all,  it  should  be 
restricted  to  the  Eocene  (upper)  portion  ....'* 

In  the  following  discussion  the  name  Martinez  is  applied  to 
that  portion  of  Gabb's  Martinez  group  which  remains,  after  the 
removal  of  the  Chico-Cretaceous  element.  The  writer's  state- 
ments are  based  on  observations,  extending  over  a  period  of 
several  years,  made  in  the  typical  region  for  the  group,  viz.,  that 
adjacent  to  the  town  of  Martinez. 

In  the  hills  to  the  southwest  of  Martinez  strata  of  unques- 
tioned Chico  age,  containing  a  characteristic  fauna,  occur  over  a 
considerable  area.  In  a  fine  outcrop  of  compact,  bluish  sand- 
stone occurring  on  the  west  side  of  Alhambra  Valley,  and  near 
the  top  of  the  Chico,  the  writer  found  an  abundance  of  fossils, 
characteristic  of  this  group,  which  are  listed  in  the  table  below, 
under  Locality  No.  i.  From  this  point  to  the  east  and  west  the 
structure  of  the  strata  is  anticlinal,  showing  an  apparently  con- 
formable series  up  as  far  as  the  Miocene  on  each  side. 

From  the  standpoint  of  stratigraphy,  one  would  hardly  be 
disposed  to  find  fault  with  Gabb's  conception  of  the   Martinez, 

since  in  this,  the  typical  locality,  the  Chico,  Martinez,  and  Tejon, 
appear  everywhere  to  be  conformable,  while  numerous  com- 
plications of  the  stratigraphy  have  still  farther  increased  the  dif- 
ficulty of  separating  these  three  groups  on  stratigraphic  grounds. 

*Thc  Faunal  Relations  of  the  Eocene  and  Upper  Cretaceous  on  the  Pacific  Coast 
17th  Ann.  Rep.  U.  S.  Geol.  Survey,  1895-6. 
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Lithologically  there  are  some  differences  between  the  Mar- 
tinez and  the  adjoining  formations,  the  most  important  of  which 
are  the  slightly  different  aspect  of  its  sandstones  and  the  fre- 
quent presence  in  them  of  considerable  quantities  of  glauconite. 
The  sandstones  are  often  grayish,  differing  from  the  yellowish 
or  bluish  rocks  of  the  Chico  and  the  massive  white  to  dull  red 
Tejon  sandstones.  In  many  places  the  Martinez  contains  large 
quantities  of  glauconite  disseminated  evenly  through  the»  sand- 
stones in  rounded  grains  of  considerable  size.  Glauconite  docs 
not  seem  to  occur  at  all  in  the  Chico  but  may  possibly  be  found 
toward  the  base  of  the  true  Tejon.  The  truly  glauconitic  rocks 
belong  principally  to  the  Martinez. 

While  the  group  shows  little  which  would  serve  to  separate 
it  stratigraphically  or  lithologically  from  the  over  and  under- 
lying formations,  its  fauna,  on  which  Gabb  based  his  classifica- 
tion, contains  numerous  elements  throwing  light  on  its  geologic 
relations.  Between  the  Chico-Cretaceous  and  the  Miocene  there 
are  two  distinct  faunas  present,  viz.,  the  Martinez  (in  part)  and 
Tejon  of  Gabb,  or  the  Lower  and  Upper  Tejon  of  Mr.  Stanton. 
As  other  criteria  failed  to  separate  satisfactorily  the  Chico,  Mar- 
tinez, and  Tejon,  extensive  fossil  collections  were  made  by  the 
writer  at  all  possible  points.  A  series  of  rich  localities  running 
across  the  strike  from  the  Chico  to  the  Tejon  furnished  the 
sequence  of  faunas  as  shown  in  the  table  on  pages  770  and  771. 

An  examination  of  these  lists  shows  that  the  lower  Martinez 
beds,  as  stated  by  Mr.  Stanton,  have  a  fauna  distinct  from  that 
of  the  Chico,  and  that,  while  the  two  sets  of  rocks  may  seem  to 
be  conformable,  an  unconformity,  as  yet  unobserved,  probably 
exists.  There  are  no  species  common  to  localities  i  and  2 
excepting  Dentalium  Cooperi  which  ranges  up  into  the  Tejon  and 
appears  to  be  identical  with  a  form  occurring  in  the  lowest  Mio- 
cene. Other  localities  furnishing  a  few  imperfect  fossils  are 
known  in  beds  perhaps  somewhat  lower  down  than  Locality  No. 
2  but  as  yet  no  distinct  overlapping  of  the  two  faunas  has  been 
discovered. 

Locality  No.  3,  higher  up  in  the   group,  furnishes  a  fauna  of 


770  JOHN  C.  MERKIAM 

TABLE  SHOWING  CHANGES  OF  FAUNA  FROM  CHICO  TO  TEJON.* 


1 

1 

1 

* 
t 

J 

1 

Locality  No.  i.— Typical 

• 

ij  .9i>)ADR<7/ia //nra/a  Stanton 

* 
* 

* 

1    CarbulafHtlrifBrmiiQihh..., 

IS   Ureiyta  iandala  Gabb 

4  MtretrixaralaoTfraeilisGa.bh 

5  Mylilus  quaJratui  Gabb 

7  NMCHia  tTuncala  Uabb 

LocAUTV  No.  3.— Upper 
Martinet. 

9  Peituneulm  VtaUhi  Gabb 

10  TdliHaNgffmaHMiaHa(ia.bb.. 

11  7>//<«oo*?i<a/M  Gabb  (?).... 

J  CarJium  Cooftri  Gabb 

3  CucuU^a  MalhfW!BHiG>Mb.. 

t 

5  .VorffWa  <.™fl/fl  Gabb 

b  Pholademya  natuta  Gabb 

* 

r 

13  Cinulia  aSHgua  Gabb 

■  4  Cylindrilis  brrvii  Gabb  (?)... 

1 6  Cyrodes  ixpama  Gabb 

17  PtriaJax    brtvireslris     Gabb 

S  Ttilina{i)  unJuli/rra  Gabb. . 
9  BracAyspiineus  hratu!  iiabh. 

10  Bullinula  {})  n.  sp 

iS  PugneUus  kamului  Gabb  .... 
ig  Solarium  inarKalum  Gabb  . . . 
JO  //diiBtrtras  vrrmicM/arii  Gahh. 

13  Heltroternia  Gatii  S\a.iAoi>  . . . 

14  PiHuolaiBlaifiCoDt.a.  var. 

1 5  SifiAona/ia  lineata  Htanton 

16  Strtpsidnra  patAectUKsii.SlSin- 

Martinez. 

17    TUrritd/a  iH/ragraHu/ata  fib 

[S  Urosy^a  taudafa  Gahh 

LocAi.iTV  No.  4.— Near  Upper 
Limit  of  Martinez. 

5  Cardinm  Ceoptri  Gabb 

b  Ci.--i<//^fljWliM™«.»iG»bb... 

3  Cardium  Cooperi  Gabb 

4  Cardila  HbthU  Gabb 

7    r*/A>fa  /ft.™iiGabb 

12  Ta^i  quadrala  Gabb  (n^.). . . 

ID  AmpuUina  striata  Gabb  (fm/: 

11  DfnlaliHmtlramineu«Ga.bb.- 

12  picopst!  sp.  (neat  Ktmendi). . 

13  Migiihslema  slriata  Gabb. . . . 

14  A/ono  9p.  (iHitrcu/atm?) 

15  Cylkknaio!talaOi}o\, 

16  Dt«laliHm  Caoptn  Gabb 

IT  Disiektlix  ^.f-p 

21  Ntpiiineamucronaitt  Ga.bb 

22  /'fn5ro/oifl/'fl*"Conr.  ti.  var. 

19    Tarrildla   n,  »p.  (?) 

It  characteriilic ;  •  daffger,  n 


:  or  characterUtic 
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TABLE.—  CoHtiautJ.' 


8 
S 

{ 

s 

J 

i 

\ 

% 

t 

* 

r 

1 

Locality  No.  5.— Tsjon,   a 

CAUTY  ^o,  4. 
1   TnckoimUiailriataGahh.... 

3  Cardium  Csaptri  Gabb 

4  CardilaNomiiGahh 

5  Attretrix  I/omii  Uabb 

t 
J 

1 Q  Ananropsis  alviala  Gabb . . . , 

[|  CyliifinacaUalaGa.bh 

11  Ct.Huxf{f«ie>,diCWbh 

13  DcHtalium  Caoptri  Gabb 

14  FiiBpni  kemuuli  Gabb 

15  Fieofinssp.{aear  XemmJi)... 

16  Mario  to.  {fubtrcnlatKs) 

17  Firiiifiai  Blakti  Conr,  I'yp. 

7  Mediola  OTHBta  Gabb 

■6  Nucula  Iruniala  Uabb 

g  PtilHneulusiagiaaliii  Gabb.. 

IS  RimeUa  tanalifera  Gabb 

19  THrrUtllauvasana  Conr 

20  Oliviratocalifomica  Cooper  . . 

the  same  type  as  that  of  No.  2  but  containing  some  forms  as 
Tellina  (?)  undulifera,  Turritella  infragranulata,  and  Brachysphingui 
lirafus,  not  present  in  the  lower  beds.  One  minute  specimen  of 
the  characteristic  Tejon  form,  Modiola  omata.  was  obtained  at 
this  horizon. 

At  Locality  No.  4,  near  the  upper  limit  of  the  Martinez, 
about  one  third  of  the  fauna  is  composed  of  species  known  from 
the  Tejon.  Of  these  forms  D^ntalium  stramineum  is  a  long-lived 
species  ranging  from  Chico  to  Tejon.  Cardium  Cooperi,  though 
known  from  Tejon  beds,  is  not  a  common  or  characteristic  fossil 
of  that  group,  while  it  ranges  through  the  Martinez  and  is  one 
of  its  most  characteristic  species.  The  Cardita  belongs  to  the 
Tejon  species  described  as  Homii  by  Gabb  but  may  be  a  new 
variety.  Megistoiloma  striata,  Tellina  Homii  and  the  Morio  seem 
to  be  typical  Tejon  forms  and  are  not  found  below  the  uppermost 
beds  of  the  Martinez.  The  Ficopsis  sp.  is  a  form  known  from  the 
Upper  Martinez  and  Lower  Tejon.  Imperfect  specimens  of  a 
foraminifer  related  to  Nummulites  are  abundant  at  this  locality. 
Though  the  fauna  at  this  horizon  is  certainly  closely  related  to 
that  of  the  true  Tejon,  only  three  good  species  arc  common  or 
characteristic  forms  in  that  group. 
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At  Locality  5,  a  short  distance  (less  than  100  feet)  above  No. 
4,  fossils  of  the  well-marked  fauna  to  which  Gabb  gave  the  name 
Tejon  are  found  in  abundance,  Cardium  Cooperi  being  the  only 
really  characteristic  Martinez  species  associated  with  them.  No 
localities  showing  more  gradation  between  the  Martinez  and 
Tejon  faunas  than  those  here  discussed  have  so  far  been  discov- 
ered by  the  writer. 

Numerous  other  collections  made  between  Localities  2  and  3 
and  between  3  and  4  furnished  gradations  from  one  to  the  other, 
with  some  additional  species  not  mentioned  in  the  foregoing 
lists. 

In  the  following  table  there  are  placed  together  all  of  the 
species  known  to  the  writer  from  the  strata  between  the  CMico 
and  the  true  Tejon  near  Martinez,  along  with  those  which  have 
been  collected  elsewhere  by  Mr.  Stanton,  in  beds  of  the  same 
age.  A  study  of  this  list  shows  clearly  that  the  fauna  is  a  unit, 
and  that  it  is  quite  distinct  from  both  the  Chico  and  the  Tejon, 
though  it  grades  to  some  extent  into  the  latter. 

The  existence  between  the  Chico  and  the  Tejon  of  a  fauna 
not  belonging  clearly  to  either  group,  was  evidently  not  unknown 
to  Gabb,  and  this  fauna  formed  the  real  basis  of  his  Martinez. 
Unfortunately  the  involved  stratigraphy  led  him  or  his  col- 
lectors into  the  error  of  supposing  that  certain  Chico  forms 
belonged  in  the  same  horizon  with  Martinez  species,  while  the 
first  error  led  to  a  second,  viz.,  the  belief  that,  since  Chico  forms 
were  present  in  his  Martinez  fauna,  the  whole  group  might  be 
found  later  to  represent  a  subdivision  of  the  Chico.  As  has 
been  shown  in  the  comparison  of  faunas,  there  can  be  little  doubt 
that  the  Chico  group  is  widely  separated  from  what  is  here 
called  Martinez. 

In  considering  the  relations  of  the  Martinez  to  the  Tejon,  it 
might  be  well  to  determine  first  what  was  intended  in  the  origi- 
nal definition  of  the  Tejon  group  and  what  it  really  is.  The 
name  was  proposed  by  Gabb  on  palcBontological  grounds  for  a  set 
of  rocks,  supposed  by  him  to  be  Cretaceous,  but  now  generally 
regarded  as  Eocene,  **most  extensively  developed  in  the  vicinity 
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THE    FAUNA    OF    THE 


rlNEZ     GKOUF    WITH      f.EOLOGICAL    RANGE 
F    THE    SPECIES.' 


1   ForBininifcrR  Nummuloid 
1  For&minifcra  3  sp.  Indel. 

3  FlaMlnm  RtinoudiaHum 

Gabb 

4  JVanimilia  n.tp 

5  SciiMasltr  (?)  n.  sp 

6  Tereiratiila  ttjentmit  Slanton 

7  /(™p.»P 

8  Cardiltt  Ilomii  Gabb 

9  Cardium  Cooperi  Gabb 

0  Craisalilla  unioidti  Stanton  . 

1  CucHllaa  Malhra-soHi  GiiAi.. 

2  Uda  al,Eformij  Gabb 

3  Lfda  Gabbi  Conr 

4  Lima  mulHradiala  Gabb .... 

5  LuriHa  Tunttri  Sla,Dlon  ■ . . . 

6  Mm/rix  sp 

7  Modinln  n.  sp 

S  Madieta  ernala  Gabb 

Q  Nucula  IruHcala   Gabb 

□  PecluncKlm  Vialchi  \m.T.  maia 

SlaDlon 

I  Pkalttdomya  nasHia  Gabb 

3  Plicalvla  astTtiformis  Stanton 

3  SbUh  n.  sp 

4  Tof-ts  quadrataG^ciD  {aff.) . . 

5  TV/rtwa  n.sp 

6  Ttm«a  Hornii  Gabb 

7  r^/ma  (?)iiiH</v/i/<'rviGabb. 

g  7Vr<'Jl'(?) 

g   7'4r'iii-ii>  (?)n.  sp 

0  Aclaron  (?)  n.ip 

1  Ampulliila  strialaQAbh(ciinf.) 
a  STackytpkiMgMi  liratui  Gahh . 

3  BuUiHula  {})  n.sp 

4  Cylifhna  coslala  Gabb 

5  DiHlalium  Cooptri  Gabb 


i6  Dtnlalium  slramintHiH  Gabb 

37  Dhiohdix  n.sp 

38  FuBpsit  sp  (near  Rtmendi) . . 

39  /ii/ttj  n.  sp  (0) 

4a  .ftifKj  n.  »p.  (*) 

41  Hilmlerma  Gabhi  ^\.t.vAa}\ . . . 

42  Httirottrma  ttriala  Stanton. 

43  Hittrettrtna  Irecheidta  Gabb 

44  Indct.  nov 

45  Lunalia /fornii  Gabb 

46  Megitloslama  siriaia  Gabb.. 

47  Merio  sp.  luktreulatusf 

4S  NaHca  sp 

49  NepttiBia  miitronia  Gabb... 
JO  Ptriaolax  Blain  Conr.  nov. 

51  SipkonaiialiHiala  ?,\a.niaa.. 

52  Solarium  n.  sp 

53  Stripiidvra paeieiotnsis  Stan- 

54  TritBRium  n.  sp,  (a) 

55  TriloHium  (?)  n.  sp,  (4) 

56  Turbintlla  craiiiltita  Gabb  , 

57  Turrilitta  infragranulala 

Gabb 

5S  Tkrriltlla  paikieotnsii  Stnn- 

59  ri.rW«//fln.  »p.(?) 

60  Turris  n.  ap 

6 1  Uroiyca  eaudaia  Gabb 

6j  Urosyca  n.  sp 

63  Xtnopkora  n.  sp 

64  Crustacean  remainE,  brachy- 

65  Crustacean  remains,  macrurHi 

66  Strpula 


of  Fort  Tcjon  and  about  Martinez."  It  was  stated'  to  contain 
"a  large  and  highly  characteristic  series  of  fossils,  the  larger 
part  peculiar  to  itself,  while  a  considerable  percentage  is  found 


Dtnc  other  horiiQ 
■  Rep.  Gcol.  Sui 


I  dsKger 


>r  characteristic 
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extending  below  into  the  next  group,  and  several  species  still 
farther  down  into  the  Chico  group."  Since  Gabb's  work  was 
published  the  Tejon  has  been  recognized  at  numerous  points  on 
the  Pacific  coast,  outside  the  limits  of  its  distribution  as  known 
to  him,  and  has  always  been  found  to  contain  an  easily  recog- 
nized fauna,  of  which  a  number  of  the  most  common  and  char- 
acteristic forms  are  found  in  the  list  of  species  from  locality  No. 
5.  As  may  be  seen  in  the  last  quotation,  the  true  relation  of 
the  Martinez  to  the  Tejon,  as  shown  by  the  partial  mingling  of 
species,  was  not  unknown  to  Gabb. 

In  the  vicinity  of  the  town  of  Martinez,  the  Martinez  and 
Tejon  groups  form  an  apparently  conformable  series  between  two 
and  three  thousand  feet  in  thickness  and  about  equally  divided 
between  the  two.  The  faunas,  though  overlapping,  are  in  the 
main  quite  distinct  and  no  great  difficulty  has  been  experienced 
by  the  writer  in  separating  the  groups  on  this  basis.  While  some 
intermingling  of  species  exists,  it  is  not  greater  than  we  should 
expect  to  find  in  adjoining  groups  or  periods.  It  should  also  be 
observed  that  the  beds  with  a  Tejon-like  Martinez  fauna  and 
those  containing  an  assemblage  of  characteristic  Tejon  forms  are 
comparatively  close  together.  The  change  from  one  fauna  to  the 
other  may  possibly  have  taken  place  in  a  short  time  by  migra- 
tion, but  we  cannot  assert  positively  as  yet  that  the  apparent  con- 
formity of  the  beds  is  a  real  one,  sedimentation  may  have  been 
interrupted  between  the  times  of  deposition  of  the  two  groups. 
It  is  at  any  rate  quite  clear  that  the  two  sets  of  strata,  or  two 
faunas,  while  belonging  perhaps  to  the  same  series,  represent  dif- 
ferent periods  in  the  geological  history  of  California,  periods 
quite  as  distinct,  so  far  as  faunal  evidence  is  concerned,  as  the 
Miocene  and  Pliocene,  or  the  Pliocene  and  Quaternary.  The 
upper  division  of  this  series  has  already,  on  the  grounds  of  its 
characteristic  fauna,  been  named  the  Tejon.  To  a  mixed  group 
of  rocks,  to  which  the  fauna  here  called  the  Martinez  gave  indi- 
viduality, the  name  Martinez  group  was  applied  by  Gabb.  It  seems 
desirable,  after  having  cut  out  the  Chico  portion  of  Gabb's  Marti- 
nez which  was  probably  not  the  one  on  which  he  based  the  group, 
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to  apply  the  name  used  by  him  to  the  distinct  fauna  or  group  which 
remains.  As  to  the  nomenclature  of  the  supposedly  conforma- 
ble series,  including  the  Martinez  and  Tejon,  it  seems  best  to 
apply  to  it  for  the  present  the  term  Martinez-Tejon  series,  though 
future  convenience  may  demand  a  special  series  name.  To  apply 
the  name  Tejon  to  the  whole  series  would  be  to  modify  consid- 
erably the  meaning  of  this  term  as  used  originally,  and  would 
have  besides  the  fault  of  taking  the  name  from  a  smaller  division 
to  apply  it  to  a  larger,  leaving  the  first  to  be  virtually  renamed. 
In  conclusion,  the  group  under  consideration  might  be  char- 
acterized as  follows  :  The  Martinez  group,  comprising  in  the 
typical  locality  between  one  and  two  thousand  feet  of  sandstones, 
shales,  and  glauconitic  sands,  forms  the  lower  part  of  a  pre- 
sumably conformable  series,  the  upper  portion  of  which  is  formed 
by  the  Tejon.  It  contains  a  known  fauna  of  over  sixty  species, 
of  which  the  greater  portion  is  peculiar  to  itself.  A  number  of 
its  species  range  up  into  the  Tejon  and  a  very  few  long-lived  forms 
are  known  to  occur  also  in  the  Chico.  Since  the  Martinez  and 
Chico  are  faunally  only  distantly  related  it  is  probable  that  an 
unconformity  exists  between  them.  Though  satisfactory  corre- 
lation of  Californian  formations  with  the  subdivisions  of  the 
standard  geological  scale  can  be  accomplished  only  when  the 
local  scale  is  fully  worked  out,  we  may,  for  the  present  at  least, 
accept  Mr.  Stanton's  correlation  of  the  Martinez  with  a  portion 

of  the  Eocene. 

John  C.  Merriam. 

Berkeley,  California. 


STUDIES    IN   THE  SO-CALLED  PORPHYRITIC  GNEISS 

OF    NEW    HAMPSHIRE.     II. 

Cofitact  Metamorphism, —  The  endomorphic  changes  wrought 
by  the  granite  intrusions  are  relatively  slight.  Thus  the  biotitc- 
gneiss  and  hornblende-gneiss  southwest  of  Lake  Wakawan  have 
the  same  mineralogical  composition  at  the  contact  as  they  have 
a  quarter  of  a  mile  away  from  it  along  the  strike.  On  Spindle 
Point,  gneisses  of  like  nature  show  the  only  exomorphic  change 
discovered  throughout  the  whole  terrane  of  the  Lake  Winnipi- 
seogee  gneiss.  Yet  even  this  is  a  doubtful  case,  since  the  only 
evidence  is  the  presence  of  some  sillimanite  needles  and  a  few 
garnets  in  the  schist  near  the  granite.  Again,  the  interbedded 
biotite-gneiss,  muscovite-biotite-gneiss,  and  actinolite-gneiss,  at 
the  outlet  of  Little  Squam  Lake,  are  practically  unaffected  by 
the  granite.  The  same  is  true  of  the  large  biotite-gneiss-inclu- 
sion  on  the  north  side  of  Beech  Hill,  as  well  as  of  the  whole 
contact-line  of  the  Montalban  group. 

The  schists  on  Saddle  Hill  exhibit  the  best  metamorphic  belt 
which  appears  in  the  Winnipiseogee  area.  Specimens  of  the 
country-rock  were  taken  at  localities  from  one  to  eight  hundred 
^feet  from  the  contact,  and  in  all  of  them  the  country- rock  proves 
to  be  a  typical  muscovite-biotite-schist  with  accessory  sillimanite 
in  long  needles.  Inside  that  zone  toward  the  granite,  however, 
a  pronounced  metamorphic  aureole  encloses  phases  of  the  ter- 
rane which  represent  important  modifications  of  the  schist.  One 
of  them,  some  eighty  feet  from  the  contact,  is  a  hornfels  largely 
made  up  of  zoisite  and  andalusite  (?)  with  quartz  and  magnetite. 
Another,  four  feet  from  the  granite,  is  a  compact  mica-schist 
richly  charged  with  garnets ;  while  within  five  inches  of  the 
contact  this  garnctiferous  schist  has  absorbed  a  large  amount  of 
orthoclase   and   plagioclase  which  seem  to   have  been  derived 

from  the  neighboring  granite. 
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The  Ashuelot  area  is  even  more  nearly  devoid  of  distinct 
zones  of  contact-alteration.  Several  suites  of  specimens  were 
taken  across  the  marginal  belt  of  schists  at  several  different 
localities,  but  in  none  of  them  was  a  definite  alteration  of  mineral 
content  observable,  as  one  goes  toward  the  igneous  rock.  While 
the  Coos  schists  are  highly  garnetiferous  at  the  contact,  they 
are  often  just  as  metamorphic  in  habit  a  mile  or  more  from  the 
granite.  Interlaminated  actinolite-schists  are  abundant  among 
the  common  mica-schists  of  the  area.  They  show  no  change  at 
the  contact.  The  Bethlehem  gneiss  is  often  garnetiferous,  and 
in  some  slides  the  garnets  are  seen  to  be  larger  and  more  idio- 
morphic  near  the  granite  than  away  from  it.  Apart  from  this 
fact,  one  would  not  suspect  from  an  inspection  of  the  marginal 
alterations  that  the  porphyritic  granite  was  once  an  igneous  body 
intruded  in  these  same  rocks  in  a  molten  state. 

Finally,  it  would  be  difficult  to  point  to  any  particular  part 
of  the  Main  area  as  exhibiting  metamorphic  phases  in  the  schis- 
tose country-rock  of  the  porphyritic  granite  which  could  not 
have  been  produced  before  the  granite  was  erupted.  One 
hundred  and  fifty  feet  from  the  great  Greenfield  sheet  a  typical 
quartz-garnet-hornfels  can  be  found,  but  from  that  rock  to  the 
granite  one  passes  over  the  typical  biotite-muscovite-schist  of 
the  region.  The  latter  itself  may  be  garnetiferous.  It  does  not, 
however,  differ  from  similar  phases  of  the  ferruginous  rocks 
several  miles  from  the  contact.  North  of  Henniker  there  out- 
crops another  hornfels  at  a  contact  with  a  prophyritic  granite 
apophysis  and  about  50  feet  from  the  molar  contact.  It  is  a 
compact  aggregate  of  quartz  and  garnet  with  a  large  admixture 
of  a  colorless  pyroxene  and  a  little  accessory  plagioclase  and 
muscovite.  Notwithstanding  this  kind  of  association,  these  and 
other  examples  cannot  as  yet  with  safety  be  considered  as  con- 
tact phases,  nor  do  they  afford  positive  evidence  of  an  eruptive 
origin  for  the  porphyritic  granite. 

The  small  amount  of  exomorphic  change  in  the  contact-belt 
is  that  which  might  be  expected  from  the  conditions  of  the  erup- 
tions.    It   is  well  known  that,  other  things   being  equal,  acidic 
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igneous  rocks  are  less  likely  to  be  altered  by  intrusive  masses 
than  are  the  more  basic  rocks.  In  the  same  way  sedimentary 
rocks  are  in  general  more  susceptible  to  contact  metamorphism 
than  the  crystalline  chists  or  than  igneous  rocks.'  Pohlig  noted 
important  differential  effects  of  the  trachyte  in  the  Siebengebirge. 
Fragments  of  gneiss  enclosed  in  the  eruptive  rock  were  rela- 
tively unchanged  as  compared  with  inclusions  of  clay-slate  in 
which  andalusite  and  other  metamorphic  minerals  were  devel- 
oped.' Lehmann  has  described  granulite  inclusions  in  the  gra- 
nite of  Markersdorf  which  he  found  to  be  entirely  unchanged  by 
the  granite.3  No  student  of  contact-belts  needs,  however,  to  be 
reminded  that  in  them  there  is  pronounced  selective  metamor- 
phism depending  upon  the  nature  of  the  rocks  invaded.  Those 
which  have  advanced  furthest  in  the  direction  of  mineralogical 
stability  will  usually  be  the  rocks  which  are  least  altered.  If, 
then,  there  had  been  regional  metamorphism  of  the  country-rock 
before  a  given  intrusion  occurred,  such  terranes  will  tend  to  be 
without  distinct  zones  of  alteration.  Such  is  the  case  with  the 
New  Hampshire  rocks.  In  the  sequel  the  chief  evidence  for  this 
conclusion  will  be  given,  but  we  can  anticipate  somewhat  by 
stating  the  fact  that  the  same  series  of  schists  which  are  cut  by 
the  porphyritic  granite  are  just  as  thoroughly  crystalline  many 
miles  from  the  porphyritic  granite  as  they  are  in  its  immediate 
vicinity.  Moreover,  they  attained  this  crystalline  character  in 
the  process  of  mountain-building  and  not  by  any  kind  of  local 
thermo  metamorphism  induced  by  underlying  areas  of  the  por- 
phyritic granite.^  The  eminent  schistosity  of  these  rocks  was 
anterior  to  the  granitic  intrusion,  and  it  is  an  effect  concomitant 
with  the  recrystallization.  Thus  it  was  a  series  of  terranes  already 
regionally  metamorphosed  that  were  cut  by  the  porphyritic  gran- 
ite. They  had  reached  a  state  of  approximate  mineralogical 
equilibrium  and  but  little  rearrangement  of  the  constituent 
elements  was  possible  by  mere  contact  action. 

'Cf.  HuDLESTON,  Address  Pres.  Geol.  Soc,  1894;  Q.  J.  Geol.  Soc,  p.  121. 
'Tschermak's  Mitth.,  1880-1,  p.  353. 

'Untersuch.  iiber  die  Entsteh.,  der  altkryst.  Schiefergesteine.  1884,  p.  7. 
*Cf.  Barrow,  Q.  J.  Geol.  Soc,  1893,  P«  352- 
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Moreover,  at  Fitzwilliam,  where  the  inclusions  of  the  neigh- 
boring biotite-gneiss  are  extremely  well  exposed,  there  does  not 
seem  to  be  the  slightest  change  in  the  horses.  Yet  there  can  be 
no  doubt  that  the  porphyritic  granite  is  here  distinctly  eruptive 
in  the  gneiss.  In  the  same  way,  the  ancient  granitite  described 
on  the  west  and  northwest  of  the  village  of  Antrim  has  produced 
no  material  alteration  in  the  composition  of  the  schist  inclusions, 
for  in  that  feature  they  are  identical  with  their  parent  terrane  for 
several  miles  from  the  contact. 

It  seems  reasonable,  then,  to  conclude  from  the  brief  account 
of  exomorphic  contact-phenomena  just  given  that  they  do  not 
invalidate  the  argument  for  the  porphyritic  granite's  being  erup- 
tive. It  means  that  the  conditions  were  not  such  as  to  permit  of 
the  development  of  the  well-marked  metamorphic  aureoles  which 
one  might  expect  in  invaded  terranes  composed  of  relatively 
unaltered  rocks. 

Endomorphic  changes, —  More  often  than  not  where  the  actual 
contact  between  the  porphyrictic  granite  and  the  older  forma- 
tions appears,  there  is  practically  little  change  either  in  the 
composition  or  grain  of  the  granite.  This  fact  is  characteristic 
of  apophyses  as  well  as  of  the  main  body.  In  the  Winnipiseogee 
and  Main  areas  particularly,  the  feldspai  phenocrysts  and  their 
matrix  are  remarkably  persistent  in  the  size  of  individual  min- 
erals. The  reader  will  remember  that  a  broad  band  of  the 
porphyritic  granite  with  rare  phenocrysts  appears  on  the  western 
side  of  the  Ashuelot  area,  and  again  that,  on  the  eastern  side, 
there  is  evidence  of  fine-graining  in  the  Bethlehem  gneiss-contact 
which  can  hardly  be  explained  except  as  belonging  to  a  chilled 
phase  of  the  igneous  rock.  It  is  true,  however,  that  this  phe- 
nomenon is,  on  the  whole,  rather  the  exception  than  the  rule  in 
the  different  areas.  We  cannot  but  think  that  the  invaded 
schists  must  have  been  at  a  high  temperature  themselves  when 
the  granite  was  intruded.  Witness  the  widespread  zones  of 
passage  between  the  two.  The  great  coarseness  of  the  matrix 
shows  that  the  granite  was  long  in  crystallizing  and  in  that 
process  would  naturally  lose  much  heat  to  the  surrounding  rocks. 
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Thus  the  latter  could  not  in  the  final  stage  of  consolidation 
cause  a  serious  differential  cooling  in  the  marginal  part  of  the 
granitic  magma.  That  there  was  some  influence  exerted  upon  the 
igneous  rock  is  indisputable.  Almost  universally  thin  sections  of 
the  contact-zone  exhibit  a  very  marked  granophyric  intergrowth 
of  the  quartz  and  feldspar  of  the  matrix.  This  micrographic 
development  is  quite  independent  of  that  noted  as  common  about 
the  phenocrysts,  and  is  quantitatively  much  superior  in  value  to 
the  latter.  The  occurrence  of  the  graphic  structure  in  the  matrix 
is  usually  restricted  to  the  contact-zone  of  not  more  than  a  few 
inches  or  feet  in  width.  It  is  noteworthy,  however,  that  in  parts 
of  the  Ashuelot  area  where  there  are  evidences  of  some  crush- 
ing, this  structure  is  found  in  various  parts  of  the  coarse  matrix, 
though  far  from  a  contact.  It  doubtless  originated  as  a  result 
of  rearrangement  during  the  period  of  stress  which  the  rock  has 
here  undergone. 

The  origin  of  the  foliatio7i  i?i  tite  porphyritic  granite, —  It  is  now 
well  established  that  gneisses  may  belong  to  three  classes  which 
in  the  words  of  Gregory*  may  be  named  metapyrigen-gneisses, 
clastic-gneisses,  and  fluxion-gneisses.  The  first  kind  is  produced 
by  the  pressure-metamorphism  of  igneous  rocks,  the  second  by 
the  complete  alteration  of  sediments.  The  third  division  has  its 
origin  in  molten  rock-magmas  which  have  undergone  **fluxional 
movements  anterior  to  complete  consolidation  in  a  mass  not 
perfectly  homogeneous."'  The  porphyritic  granite  of  New 
Hampshire  owes  its  foliated  structure  to  the  same  cause  as  that 
of  fluxion-gneisses.  In  short,  this  porphyritic  gneiss  is  a  porphy- 
ritic granite  with  a  flow-structure.  The  parallelism  among  the 
constituents  was  assumed  when  the  rock  was  not  yet  fully 
crystallized  out  and  cannot  thus  be  referred  to  any  metamorphic 
result  of  mountain-building  acting  on  an  already  solidified  mass. 
It  is  a  primary  structure.  Since  this  fact  is  not  as  yet  demon- 
strated in  what  has  been  said,  and  since  we  are  dealing  with  a 

*Q.  J.  Geol.  Soc.,  1894,  p.  266. 

*T.  G.  BoNNEY,  Some  Notes  on  Gneiss,  Geol.  Mag.,  18Q4,  p.  118.     Cf.  Hill  and 
BoNNEY,  Q.  J.  Geol.  Soc,  1892,  p.  137. 
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great  terrane  characterized  everywhere  by  this  fohation  which 
has  been  the  subject  of  serious  misapprehension  among  early 
investigators  in  the  state,  we  shall  go  into  some  detail  to  establish 
this  position. 

It  was  not  until  the  next  generation  after  von  Buch  *  described 
flow-structure  in  lavas  that  the  phenomenon  was  studied  with 
reference  to  the  origin  of  gneisses.  Scrope'  in  1840  and  Dar- 
win 3  in  1844,  closely  followed  by  Naumann/  first  laid  emphasis 
on  the  truth  that  ** dragging  movements"  on  a  cooling  granitic 
magma  may  lead  to  the  formation  of  gneiss.  Since  that  time,  a 
host  of  observations  have  confirmed  their  idea  so  completely 
that  it  is  now  possible  to  frame  the  most  important  criteria  which 
ought  to  be  applied  to  a  problematical  case,  and,  if  satisfied, 
should  enforce  belief  in  the  gneissic  structure  ot  that  particular 
instance  being  of  fluxional  origin.  It  is  proposed  to  consider 
briefly  these  criteria  with  respect  to  their  validity  and  to  their 
relation  to  our  particular  problem. 

I.  Since  the  fluxion-structure  is  due  to  differential  stress,  we 
should  expect  some  parts  of  a  mass,  to  display  a  greater  excel- 
lence of  the  foliation  than  others.  There  will  be  zones  of 
relatively  rapid  movement  and  zones  of  more  static  conditions ; 
at  least  during  the  geological  movement  of  final  consolidation. 
Thus,  we  may  expect  to  find  transitions  from  trendless  granite 
to  well-foliated  granite  or  gneiss. ^  We  have  already  seen  how 
abundantly  this  change  is  exemplified  in  all  the  areas  of  the 
porphyritic  granite.  Both  of  the  State  Surveys  noted  this  rela- 
tion between  the  massive  and  foliated  phases.''  The  earlier  one 
seized  upon  the  former  as  indicating  simply  a  granite,  the  second 

'Geognost.  Beobacht.  auf  Reisen  durch  Deutschland  und  Italien,  1809,  II,  p.  209. 

"Trans.  Geol.  Soc,  2d  ser.,  II,  p.  228. 

^Geological  Observations,  etc.,  1st  ed.,  1844,  ch.  iii. 

*Ncu.  Jahrb.,  1847,  p.  297.     Q.  J.  Geol.  Soc,  Notices  of  Memoirs,  p.  i. 

5  Michel  L^VY,  Bull.  Soc.  Geol.  de  France,  1878-9,  p.  852.  McMahon,  The 
Gneissose-Granite  of  the  Himalayas.  Geol.  Mag.,  1887,  p.  214.  Ibid,^  1888,  p.  63. 
Harker  and  Mark,  The  Shap  Granite,  etc.  Q.  J.  Geol.  Soc,  1891,  XLVII,  p.  284 
Emerson,  Bull.  Geol.  Soc.  Am.,  I,  1890,  p.  559. 

*Notc,  Geol.  of  New  Hampshire,  Vol.  II,  p.  99. 
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survey  regarded  the  non-foliated  parts  as  fused  parts  of  a  series 
of  altered  sediments. 

2.  The  parallel  structure  ought  to  be  best  assumed  along  the 
contact,  because  there  the  essential  condition  of  an  appropriate 
viscidity  will  be  assumed  within  a  zone  which  has  a  dominant 
trend.  Where  the  interaction  effects  of  more  than  two  cooling 
surfaces  meet,  as  they  do  in  a  mass  of  considerable  breadth, 
there  is  a  tendency  towards  the  obliteration  of  parallelism 
induced  in  any  one  zone  of  chilling  at  a  plane  of  contact.  Con- 
vection currents  will  further  complicate  the  flow-structure  and  to 
a  greater  extent  in  the  hotter  core  of  an  intrusive  mass  than  in 
the  chilled  zone.  For  these  reasons  parallelism  among  the  con- 
stituent minerals  should  be  most  clearly  exhibited  along  the 
boundaries  where  the  structure-planes  of  the  igneous  mass  will 
accord  in  direction  with  the  plane  of  contact.  The  central  area 
may  either  lose  any  incipient  foliation  or  show  sudden  irregular 
changes  of  strike  and  dip  of  fluxional  planes  which  do  exist.  In 
other  words,  wherever  else  it  may  appear,  the  fluxional  struc- 
ture is  to  be  looked  for  chiefly  at  the  margins.' 

'  Brogger  (Die  Silurischen  Etagen  2  und  3 ;  Kristiania,  1882,  pp.  325,  326), 
describes  the  endomorphic  zone  of  contact  of  his  granitic  and  syenitic  eruptives  as 
possessing  a  parallel  structure  "wodurch  gestreifte  Gesteine,  bisweilen  wie  echte 
krystallinische  Schiefer  aussehen.  It  is  parallel  to  the  irregular  boundaries  of  the 
igneous  rocks. 

McMahon,  Note  on  the  Foliation  of  the  Lizard  Gabbro;  Geol.  Mag.,  1887,  p.  76. 

Barrois  states  that  in  the  granulites  of  Morbihan  the  parallelism  is  most  perfect 
when  the  contact-line  is  in  the  strike  of  the  enclosing  strata.  In  such  parallel  con- 
tacts, the  granulite  is  apt  to  change  to  a  "granulite  porphyroide,  a  grands  ^l^ments, 
align^s  fluidalement."  In  "  contacts  perpendiculaires  "  the  rock  has  an  aplitic  phase 
in  which  the  crystalline  constituents  have  regular  geometric  forms.  He  considers 
that  such  differences  in  the  intruded  granite  depend  on  the  country-rock  as  an  agent 
chemically  inactive  but  "diversement  conducteur  de  la  chaleur  et  de  la  pression.** 
Sur  les  modifications  endomorphes  des  massifs  granulitiques  du  Morbihan  ;  Comptes 
Rendus,  CVI,  1888,  p.  428. 

Geikie,  a.,  The  Historj'  of  Volcanic  Action  during  the  Tertiary  Period  in  the 
British  Isles  ;  Trans.  Roy.  Soc.  Edin.,  1888,  p.  37. 

Barlow,  On  the  Contact  of  the  Huronian  and  Laurentian  Rocks  North  of  Lake 
Huron,  Am.  Geol.,  VI,  1890,  p.  22. 

Smith,  VV.  H.C,  Ann.  Rep.  Geo.  Surv.  Canada,  1890-1,  map. 

Gregory,  J.  W.,    The   Waldensian   Gneisses   and  their   Place   in   the   Cottian 
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The  reader  will  remember  how  often  this  principle  was  illus- 
trated in  our  detailed  account  of  contact-phenomena.  It 
undoubtedly  explained  the  greater  perfection  of  the  foliation  in 
the  long  and  narrow  VVinnipiseogee  area  than  that  in  the 
broadly  eliptical  Ashuelot  area  or  Main  area.  At  the  Benning- 
ton reservoir  in  the  large  size  of  the  feldspar  phenocrysts  and 
their  definite  orientation  with  respect  to  the  adjacent  contact 
we  have  a  good  example  of  what  characterizes  the  endomorphic 
zone  of  the  Main  area  throughout  the  eastern  contact  as 
mapped.  Within  the  zone  the  structure  is  much  less  determi- 
nate. Again,  on  Sandwich  Mountain  the  porphyritic  granite  in 
and  about  the  **  permeation-area  "  described  above,  is  largely 
granitic  with  the  exception  of  those  parts  which  display  the 
fluxional  habit  about  the  horses.  We  are  not  without  sugges- 
tion that  the  sudden  changes  of  dip  and  strike  within  the  cores 
of  the  igneous  masses  are  largely  the  result  of  convection  act- 
ing with  massive  pressure  in  the  still  viscid  rock-body.  Two 
miles  from  Weirs,  on  the  highway  to  Meredith  village,  several 
outcrops  appear  in  a  clear  field  some  three  hundred  yards  to  the 
right  of  the  road.  At  one  of  these,  a  well-marked  anticlinal 
arrangement  can  be  observed  in  typical  porphyritic  granite. 
This  structure  is  not  part  of  a  general  system  of  parallel  folds, 
nor  of  folds  with  any  recognizable  relation  to  the  behavior  of 
solid  rock  acted  upon  by  lateral  force.  It  is  rather  to  be  cor- 
related with  the  irregular  flow-structure  assumed  in  the  internal 
parts  of  many  rhyolites  ;  the  well-known  *•  felsites  "  of  eastern 
Massachusetts  furnish  a  good  example/  , 

3.  An  analogous  appearance  will  tend  to  characterize  the 
margins  between  the  intrusive  rock  and  any  foreign  bodies  which 

Sequence  ;  Q.J.  Gcol.  Soc,  1894,  p.  249.  On  page  265  the  author  says  of  the  folia- 
tion in  these  Alpine  gneisses  that  it  is  '*  a  contact-fluxion,  and  has  no  connection  with 
the  dynamo-metamorphism  of  the  district.  This  marginal  orientation  also  occurs  on  a 
microscopic  scale.  Mr.  C.  L.  Whittle  has  described  good  examples  in  the  contacts 
of  the  Connecticut  Triassic  lavas. 

BoNNEY,  T.  G.,  Some  Notes  on  Gneiss;  Geol.  Mag.,  1894,  p.  118. 

*Cf.  Mehner,  "  Fluctuationstructur "  described  in  certain  of  "die  schiefngen 
Porphyren"  of  Westphalia  ;  Tsch.  Mitth.,  1877,  p.  177. 
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are  caught  up  from  the  surrounding  terranes.'  In  many  cases, 
however,  it  is  due  not  only  to  differential  cooling,  but  to  the 
pulling  of  the  horses  along  in  the  direction  of  the  migrating 
viscid  magna.  Such  is  the  case  with  the  examples  of  the  cir- 
cumferential arrangement  of  feldspars  noted  on  Sandwich 
Mountain,  on  Saddle  Hill,  and  in  the  Fitzwilliam  area,  and  else- 
where. 

4.  Many  observers  have  described  the  orientation  of  horses 
parallel  to  the  margins  of  contact  in  cases  where  the  inclusions 
have  distinct  elongated  form.'  The  latter  condition  is  usually 
furnished  in  the  case  of  fragments  derived  from  a  country-rock 
with  plane-parallcl-structure.  Consequently,  we  can  understand 
this  very  general  marginal  arrangement  described  in  all  of  the 
principal  areas. ^ 

5.  The  greater  the  heterogeneity  among  the  constituents  of 
the  igneous  body  at  the  time  of  proximate  consolidation,  the 
more  pronounced  will  be  the  flow-structure.*  As  suggested  by 
Bonney,*  horses  may  be  melted  up  and  thus  give  local  variations 
in  the  mineralogical  constitution  of  the  igneous  body.  **  Band- 
ing" is  sometimes  produced  by  the  imperfect  mixing  of  more 

*  Lawson,  The  Geology  of  the  Rainy  Lake  Region ;  Ann.  Rep.  Geol.  Surv. 
Canada,  1887-8,  F,  137-138.  Barlow,  op.  cit.,  p.  29.  Dakyns  and  Teall,  On  the 
Plutonic  Rocks  of  Garabal  Hill  and  MeallBreac;  Q.  J.  Geol.  Soc,  1892,  p.  106. 
Koto,  B.,  The  Archaean  Formation  of  the  Abukuma  Plateau ;  Jour.  Coll.  Sci.  Imp. 
Univ.,  Tokio,  1893,  p.  288.     Gregory,   Q.  J.  Geol.  Soc.  1894,  p.  242. 

'DuROCHER,  M^m.  de  la  Soc.  G^ol.  de  France,  2*  sdr.,  t.  VI.  See  his  descrip- 
tions of  several  gneiss-granite  contacts  in  Scandinavia ;  Lehmann,  Untersuchungen 
iiber  die  Entstehung  der  altkryst.  Schiefergesteine.  Bonn,  1884,  pp.  16,  21  ;  Geikik, 
A.,  op.  cit.,  p.  39;  Grant,  U.  S.,  Field  observations  on  certain  granitic  areas  in  north- 
eastern Minnesota;  20th  Ann.  Rep.  Minn.  Surv.,  1891,  p.  40. 

3Cf.  Emerson,  Bull.  Geol.  Soc.  Am.,  I,  1890,  p.  559. 

*  Geol.  Mag.,  1894,  p.  "9«  Cf.  Bonney,  ibid,^  1894,  p.  118.  C.  Chelius  has 
recently  described  a  stage  leading  to  the  complete  fusion  of  enclosed  masses,  which  is 
of  interest.  In  this  case  granite  cuts  diorite  and  includes  so  many  lenses  of  the  latter 
in  parallel  arrangement  as  to  simulate  a  "  grobflaseriger  gneiss.'*  Notizbl.  d.  Vcr.  f. 
Erdk.  Darmstadt,  IV,  Folge,   14  Heft,  3-8,   1893.     Ref.  in  Neu  Jahrb.,  1895,  p.  72. 

J.  J.  Sederholm  speaks  of  "Schlieren  "  rich  in  mica  and  garnets  in  the  "druck- 
schieferiger  Granit"  of  Finland.  They  are  taken  to  represent  remnants  of  schist- 
inclusions  which  have  been  dynamically  metamorphosed.  Om  Borggrunden  i  Sodra 
Finland,  1893.     Ref.  in  Neu.  Jahrb.,  1895,  ?•  335- 
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than  one  phase  of  a  magma.'  It  is  conceivable  that  it  might  be 
locally  brought  about  by  the  pulling  out  of  basic  segregations 
in  a  plutonic  rock  by  mechanical  force  operating  during  or  after 
complete  consolidation. 

On  the  road  along  the  north  shore  of  Wickwas  pond  a  strik- 
ing phase  of  the  porphyritic  granite  was  found  which  had  been 
discovered  before  but  never  in  such  perfect  development.  It 
forms  a  strongly  schistose  mass  a  few  inches  thick  which  lies 
parallel  to  the  foliation  of  the  normal  rock.  Composed  largely 
of  brown  biotite  with  here  and  there  a  large  feldspar  phenocryst, 
it  is  very  different  in  appearance.  With  the  biotite  large  apatites 
and  considerable  masses  of  titanite  and  magnetite  make  up  the 
groundmass.  This  band  had  much  the  appearance  of  a  shear- 
zone,  like  that  described  in  the  crystallines  of  the  Malvern  Hills.* 
But  the  microscope  discloses  no  strong  evidences  of  crushing  in 
the  feldspars  which  are  clearly  original  or  primary  in  their  nature. 
Now  there  are  plenty  of  cases  on  record  where  biotite  segrega- 
tions in  granitic  rocks  grow  to  large  size.  Those  at  Graniteville, 
Missouri,  vary  from  a  few  inches  to  five  feet  or  more  in  diameter.3 
It  may  be  that  this  and  similar  local  bands  in  the  rock  in  question 
are  due  to  the  tailing  out  of  such  segregations  before  the  final 
solidification  of  the  whole  rock  had  set  in.  The  resulting  bands 
would  thus  be  parallel  to  neighboring  structure-planes  and  take 
their  place  as  primary  elements  in  a  fluxional  mass. 

But  the  most  favorable  chance  for  the  exhibition  of  a  parallel 
structure  over  large  areas  would  be  given  in  cases  where  there 
is  more  than  one  generation  of  minerals  ;  /.  e,,  in  porphyritic 
rocks.  Such,  indeed,  has  been  the  character  of  most  of  the  plu- 
tonic rocks  where  extensive  flow-structure  has  been  described. 
The  large  size  of  the  phenocrysts  of  the  porphyritic  granite  is  one 
of  the  chief  conditions  leading  to  this  peculiar  and  widespread 
foliation.  Possessed  of  large  growth  before  the  final  magmatic 
crystallization   set   in,  each    feldspar  phenocryst  was,  as  it  were, 

■  Marker  and  Marr,  Q.  J.  Geol.  Soc,  1891,  p.  283;  A.  Geikie  and  Teall, 
ihid.^  1894,  p.  656. 

•Q.  J.  Geol.  Soc,  1889,  p.  477. 

'Gcol.  Surv.    Missouri,  Ann.  Rep.,  VIII,  1894,  P«  *54' 
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of  the  nature  of  a  foreign  body  embedded  in  the  matrix.  Thus, 
it  would  behave  in  the  same  manner  as  the  truly  exotic  inclusion 
and  a  conspicuous  alignment  would  result.  It  was  observed  in 
the  field  that,  as  a  rule,  the  greater  the  dimensions  of  the  pheno- 
crysts,  the  more  clearly  was  the  structure  displayed. 

It  is  clear  that  the  porphyritic  granite  with  its  elongate 
feldspar  phenocrysts  abundantly  fulfills  this  criterion.  In  fact, 
the  study  of  it  suggests  that  plutonic  rocks  would  more  generally 
show  a  flow-structure  were  their  constituents  more  varied  in 
shape  and  relative  size  from  the  usual  forms. 

Quite  rarely  a  broad  banding  is  observable  which  is  the  result 
of  the  juxtaposition  of  layers  containing  different  proportions 
of  the  phenocrysts.' 

6.  The  negative  criterion  is  valuable  and  in  this  New  Hamp- 
shire case  is  most  conclusive.  If  it  can  be  shown  that  mountain- 
building  could  not  induce  the  parallel  structure  in  any  secondary 
fashion,  i.  e.,  by  the  pressure-metamorphism  of  consolidated, 
igneous  or  sedimentary  rocks,  we  can  fairly  assume  that  the  only 
other  recognized  cause  has  been  operative.  The  evidence 
necessary  therefore  is  threefold. 

First,  it  may  be  derived  from  the  study  of  foreign  inclusions. 
The  schistosity  of  the  horses  in  all  the  observed  localities  where 
they  occur  within  the  porphyritic  granite  was  evidently  produced 
before  the  existence  of  that  rock  in  its  present  state  of  crystalliza- 
tion. In  practically  all  cases  where  comparison  was  possible, 
the  excellence  of  this  structure  in  any  one  inclusion  was  reflected 
in  its  parent  -  terrane.  As  the  one  varied  from  massive  to 
schistose  with  a  high  degree  of  fissility,  so  did  the  other.  Now 
the  perfection  of  the  schistosity  was  found  to  be  irrespective  of 
the  attitude  of  the  horses,  /.  e,,  whether  they  were  in  parallel 
arrangement  or  not.  Callaway  used  the  correlative  of  this 
principle  as  an  aid  in  determining  the  nature  of  the  foliated 
granites  of  Northern  Donegal."  He  finds  in  them  inclusions  of 
massive  diorites.     His   conclusion  is,  that  on  any  theory  of   a 

«C£.  G.  H.  Williams,  Bull.  U.  S.  Geol.  Surv.,  No.  28,  p.  26. 
'Keade,  Origin  of  Mountain  Ranges,  p.  139. 
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mechanical  origin  for  the  foliation,  it  would  be  **.hard  to  explain 
the  escape  of  the  diorite  inclusions  from  the  same  influence." 
But  if  the  intrusion  of  the  porphyritic  granite  followed  the  period 
of  plication  and  metamorphism,  we  should  expect  it  to  follow 
commonly  the  structural  planes  of  the  preexisting  schists.' 
Again  referring  to  our  detailed  description  of  contacts  in  the 
three  large  areas,  it  will  be  seen  how  commonly  this  is  the  case. 
The  intrusions  are  batholitic  in  their  nature.  They  entered  the 
overlying  rocks  by  melting'  their  way  through  the  axial  zones 
of  flexures.  It  is  for  this  reason  that  the  general  distribution  of 
these  granite  bodies  is  along  the  strike  of  terranes  in  this  part 
of  New  Hampshire.  The  equivalence  of  strike  and  dip  in  the 
region  in  the  narrow  part  of  the  **  Fish-hook"  north  of  Squam 
Lake  between  the  foliated  igneous  rock  and  the  adjacent  schists 
is  especially  conspicuous.^  Such  pronounced  apparent  conformity 
is  probably  owing  to  an  exchanging  of  the  usual  batholitic  form 
of  intrusion  for  a  sill  or  sheet-form. 

Secondly,  the  study  of  apophyses  will  be  of  much  conse- 
quence. If  we  there  see  parallelism  of  the  minerals  composing 
the  intruded  tongue  to  its  walls,  no  matter  what  the  compass- 
direction  of  the  apophysis  may  be,  it  is  evident  that  the  struc- 
ture cannot  be  referred  to  mechanical  deformation  applied  after 
the    cooling    of    the    whole    intrusive  mass.*      Scheerer   early 

*See  GuMBEL,  op.  cit.,  p.  522,  523,  524.  He  describes  "  Lagergranite  "  intruded 
into  various  schists.  It  is  rather  remarkable  that  his"  Krystallgranit  *'  of  Bavaria  does 
not  possess  a  decided  flow-structure.  The  rock  is  very  similar  to  the  porphyritic 
granite  otherwise.  Cf.  also  Lawson,  Ann.  Rep.  Geol.  Surv.  Canada,  1885,  CC,  p.  73, 
Lehmann,  op.  cit.,  pp.  10,  23  ;  Williams,  G.  H.,  Proc.  A.  A.  A.  S.,  1887,  XXXVI; 
Sect.  E,  p.  225;  Callaway,  Geol.  Mag.,  1887,  p.  354;  Lawson,  Ann.  Rep.  Geol. 
Surv.  Canada,  1887-8,  F,  p.  32;  Danzig,  Mitth.  aus  dem  Min.  Inst,  der  Univ.  Kcil 
Bd.  I.  heft  I,  1888,  p.  66;  Barlow,  Am.  Geol.,  VI,  1890,  pp.  21-22;  Marker  and 
Marr,  op.  cit.,  p.  284;  Adams,  Jour,  of  Geol.,  1893,  P-  334  ^  Smith  W.  H.  C,  Bull. 
Geol.  Soc.  Am.,  1893,  P*  33^- 

'  From  the  author's  previous  statements  there  is  no  evidence  that  melting  took 
place  in  connection  with  these  intrusions.     [En. 

^Scethemapof  Hunter's  Island  by  Mr.  W.  H.  C.  Smith,  which  shows  a  very 
remarkable  parallelism  of  the  foliation  in  his  "granite  gneiss"  with  the  strike  of  the 
enclosing  schists.     Ann.  Rep.  Geol.  Surv.  Canada,  1 890-1. 

*  Lawson,   The  Geology  of  the  Lake  of  the  Woods  Region  ;  Ann.  Rep.  Geol. 
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described  an  occurrence  of  the  opposite  of  this.'  He  deter- 
mined that  the  red  gneiss  of  the  Erzgebirge  is  plainly  eruptive 
into  the  gray  gneiss.  The  apophyses  of  the  former  have  a 
distinct  parallel  arrangement  among  the  constituents.  It  is, 
however,  not  parallel  to  the  walls,  but  inclined  to  them.  He, 
hence,  concludes  that  it  is  due  to  pressure  exerted  after  the 
consolidation  of  the  ancient  granite."  That  the  apophyses 
should  be  as  coarsely  porphyritic  as  the  main  body,  is  of  itself 
a  strong  suggestion  of  the  exotic  origin  of  the  latter.^  As 
we  have  seen,  such  is  the  case  with  the  porphyritic  granite, 
and  in  many  instances,  as  on  Saddle  Hill,  on  Sandwich  Moun- 
tain, in  the  Greenfield  dike,  and  at  Fitzwilliam,  the  apophyses 
have  a  more  or  less  well-developed  foliation,  parallel  to  the 
walls  and  transverse  to  the  structure-planes  of  the  schists. 

Lastly,  while  the  porphyritic  granite  shows  in  certain  areas 
evidence  of  strain,  there  is  none  of  that  very  intense  crushing 
which  might  be  looked  for  if  the  foliation  were  of  a  mountain- 
built  origin.^  The  signs  of  pressure  in  some  of  the  pheno- 
crysts  may  be  due  to  the  shearing  set  up  among  them  in  the 
tough,  but  still  viscid  magma,  just  on  the  instant  of  final  con- 
solidation. At  the  south  end  of  the  Ashuelot  area  we  have 
the  most  schistose  phase  of  the  rock.  It  has  evidently  been 
squeezed  to  some  extent.  It  is  crumpled  and  even  changed 
to  an  augen-gneiss  whose  lenticular  feldspars  represent  the 
idiomorphic  phenocrysts  of  the  original  rock. 5  Small  faults  of 
a  half  foot  throw  were  observed  in  the  Winnipiseogee  area,  just 

Surv.  Canada,  1885,  CC.  p.  83,  Danzig,  Ueber  die  eruptive  Natur  gewisser  Gneisse 
sowie  des  Granulits  im  sachsischen  Mittelgebirge  ;  Mitth.  aus  dem  min.  Inst,  der 
Univ.  Kiel.  Bd.  I,  Heft  i,  1888,  p.  67.  Reusch,  Neu.  Jahrb.,  Bcil.  Bd,  V.,  Heft  i. 
1887,  p.  57. 

'  Die  Gneisse  des  sachsischen  Erzgebirge ;  Zeit.  d.  d.  geol.  Ges.,  1862,  pp.  122-123. 

*Credner  attempted  to  prove  that  the  red  gneiss  of  the  Erzgebirge  is  of  sedi- 
mentary origin  and  not  eruptive,  as  held  by  von  Cotta,  Scheerer,  Stelzner,  and  others. 
Zeit.  d.  d.  geol.  Ges.,  1877,  p.  757. 

sCf.  McMahon,  Geol.  Mag.,  1888,  p.  63;  Q.  J.  Geol.  Soc,  1893,  p.  357' 

<  Cf.  Lawson,  The  Geology  of  the  Rainy  Lake  Region,  Ann.  Rep.  Geol.  Surv. 
Canada,  1887-8,  F,  pp.  137-138. 

sCf.  Hawes,  Geol.  of  N.  H.,  Ill,  p.  214. 
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north  of  Wickwas  pond.  But  there  is  nothing  to  indicate  that 
any  batholite  as  a  whole  has  undergone  any  such  enormous 
stresses  as  have  affected  the  anorthosite  of  Canada,  the  proto- 
gine  of  the  Alps,  or  even  the  gneisses  of  the  Malvern  hills.* 
Under  the  microscope  the  New  Hampshire  rock  always  shows 
that  the  essential  minerals  crystallized  in  place  and  that  they 
have  only  been  affected,  except  locality,  by  moderate  pressures. 

From  the  complete  satisfaction  of  these  several  criteria  one 
cannot  escape  the  conviction  that  the  foliation  of  the  porphy- 
ritic  granite  has  nothing  to  do  with  stratification,  and  has  not 
been  caused  by  the  alignment  of  the  constituents  in  a  time  of 
pressure  metamorphism  acting  on  a  consolidated  rock. 

The  significance  of  the  uniformity  of  the  porphyritic  granite  and  its 
wide  geological  distribution, —  One  of  the  most  striking  character- 
istics of  the  porphyritic  granite  is  the  lithological  sameness 
which  pertains  to  it  to  a  great  degree  throughout  all  the  areas 
examined.  This  property  is  retained  irrespectively  of  the  nature 
of  the  rock-terranes  which  it  invades.  From  the  many  examples 
of  endomorphic  changes  induced  in  plutonic  rocks  by  the  melting 
up  of  foreign  inclusions,  we  have  selected  a  few  which  are 
described  in  the  annexed  footnote.*     In  view  of  this  principle, 

"Callaway,  Q.  J.  Geol.  Soc,  1887,  p.  525. 

*  Michael  L^vy  Hnds  that  by  an  endogenous  action  granulite  cutting  diabases  and 
diorites  is  enriched  in  plagioclase  at  the  contact  (Bull,  de  la  Soc.  G^ol.  de  France 
1882-3,  p.  296).  Lehmann  states  that  where  the  granitite  of  Dobeln  is  intruded 
into  biotite-bearing  rock,  it  is  practically  unchanged,  but  when  it  cuts  in  contact  with 
sericitic  schists,  siricite  is  an  important  constituent  (Untersuch.  iiber  Ent.  d.  altkryst. 
Schiefergesteine,  Bonn,  1884,  p.  19).  Again,  on  classic  ground,  Lawson  determines 
his  Rainy  Lake  eruptive  rock  to  be  a  quartzose  biotite-granite  gneiss  where  it  comes 
in  contact  with  quartz  porphyries,  yet  the  same  rock-body  cutting  the  more  basic  horn- 
blende schists  becomes  a  hornblende  syenite  with  little  quartz  (Ann.  Rep.  Geol.  Surv. 
Canada,  1887-8,  F,  31).  In  one  of  the  great  batholites  of  western  Massachusetts,  Emer- 
son notes  three  phasal  differentiations,  a  heavy  hornblende  granite,  a  hornblende  gran- 
itite, and  a  granite  proper,  all  of  which  he  attributes  to  the  melting  up  of  three 
various  sorts  of  crystalline  schists  respectively  (Bull.  Geol.  Soc.  Am.,  I,  1890,  p.  559). 
A  similar  affection  of  a  porphyritic  granite  by  a  hornblendic  country-rock  is  found  in 
Chor  Mountain,  India  (Geology  of  India,  2d  ed.,  by  Oldham  ;  Strat.  and  Struc,  p.  43); 
while  quite  recently  Ilarker  notes  a  good  case  of  a  relatively  basic  modification  of 
granophyre  at  its  junction  with  gabbro,  and  ascribes  it  mainly  to  an  incorporation  of 
re-fused  gabbro  (Q.  J.  Geol.  Soc,  1895,  P*  134)' 
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it  may  be  asked,  why  does  the  porphyritic  granite  not  show  more 
variations  of  mineral  content  ?  To  this  question  we  have  no 
conclusive  answer.  It  is  possible  that  the  rock  which  now  fills 
the  areas  of  the  porphyritic  granite  was  in  general  not  at  a  tem- 
perature high  enough  to  cause  vigorous  melting  up  of  the  walls, 
and  that  the  great  spaces  in  the  earth-crust  now  filled  by  the 
granite  were  opened  during  the  passage  upward  of  earlier  and 
hotter  parts  of  the  same  magna.  However  this  may  be,  the  dif- 
ficulty remains  just  as  great  for  any  theory  of  a  metamorphic 
origin  for  the  granite.  It  is  impossible  to  believe  that  a  rock 
with  such  continuity  of  like  characters  should  have  resulted 
from  the  alteration  of  the  stratified  or  schistose  rocks  in  the 
accompanying  terranes  of  New  Hampshire.  Although  the  deter- 
minations of  relative  age  among  these  terranes  are  as  yet  neces- 
sarily imperfect,  we  know  that  the  porphyritic  granite  is  in 
contact  with  rocks  of  many  different  horizons  and  of  very  varia- 
ble composition.  From  this  fact,  it  seems  reasonable  to  con- 
clude that  the  porphyritic  granite  is  an  exotic  eruptive,  finding 
its  source  of  supply  elsewhere  than  in  any  metamorphic  center 
in  immediate  connection  with  the  encircling  schists.  McMahon 
lays  considerable  stress  on  this  idea  in  his  argument  for  an 
eruptive  origin  of  the  Himalayan  granites.'  Lawson,  in  his 
study  of  the  Laurentian  gneisses,  and  Barlow,  in  a  similar  prob- 
lem among  the  ancient  rocks  north  of  Lake  Huron,"  refer  their 
**irruptive  '*  masses  to  a  fusion  of  the  granitic  floor  on  which  the 
post-Laurentian  rocks  were  laid.  The  New  Hampshire  rock  is 
thus,  in  respect  to  its  origin,  more  closely  allied  to  the  Hima- 
layan granite  than  to  the  gneiss  of  the  Canadian  Laurentian. 

Coarse  veins  aitting  porphyritic  granite, —  McMahon  and  others 
describe  plutonic  eruptivcs  intersected  by  dikes  and  veins  of 
very  similar  material  to  that  of  which  their  hosts  are  composed. 
Besides  the  usual  evidences  of  an  eruptive  origin  for  the  Dal- 
housie  gneissose  granite  of  northern  India,  McMahon  adds  a 
criterion  which  is  certainly  without  the  weight  of  its  associates, 

«  Geol.  Mag.,  1887,  p.  216  ;  Rec.  Geol.  Surv.  India,  XVIII,  1885,  p.  106. 
»  Bull.  Geo!.  Soc.  Am.,  IV,  1893,  p.  331. 
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but  which  has  been  recently  used  more  than  once.  He  states 
that  **  the  granite  contains  veins  similar  to  those  caused  by 
shrinkage  on  cooling  in  granites  of  admittedly  eruptive  origin."' 
Emerson  makes  the  principle  more  definite.  Speaking  of  the 
largest  granitic  intrusion  in  Massachusetts  west  of  the  Connecti- 
cut River,  he  says  :  **  The  great  mass  is  cut  everywhere  by  a 
very  great  number  of  dikes  of  a  coarse  muscovite-granite,  which 
seem  to  represent  later  intrusions  of  the  central  portions  of  the 
mass  into  shrinkage  cracks  in  the  already  cooled  peripheral  por- 
tions, and  thus  to  represent  more  truly  its  original  composi- 
tion." "  This  seems  to  be  the  best  interpretation  of  those  coarse 
dikes  cutting  the  porphyritic  granite  composed  of  large  individ- 
uals of  the  same  minerals  that  make  up  that  rock.  They  occur 
everywhere,  though  there  is  a  concentration  of  them  along  the 
boundaries.  With  them  are  often  associated  the  pegmatite 
veins  of  variable  mincralogical  constitution  of  aqueo-igneous 
origin  and  apparently  without  direct  connection  with  the  under- 
lying magma.3  On  Gun  Mountain,  on  Bear  Hill,  on  the  road 
following  the  valley  of  Rixford  brook,  and  in  the  eastern  area 
near  New  Hampton  Centre,  dikelike  bodies  of  the  former  kind 
transect  the  porphyritic  granite.  Such  localities  suggest  that  in 
this  respect  also  the  main  granitic  mass  is  eruptive. 

The  age  of  the  porphyritic  granite, — We  have  seen  that  the 
porphyritic  granite  intrusions  were  posterior  to  the  stress-period 
during  which  the  chief  metamorphism  of  the  New  Hampshire 
rocks  was  brought  about.  The  position  of  the  axis  of  flexure 
determined  largely  the  shape  of  the  different  important  areas. 
Each  one  is  batholitic  in  its  nature.  Since  the  eruptions  ceased, 
no  considerable  deformation  has  occurred.  In  this,  all  the  areas 
are  alike,  and  from  other  facts,  too,  they  were  without  much 
doubt  essentially  contemporaneous. 

Now,  the  geologically  highest  fossiliferous  zone  within  the 

'Geol.  Mag.,  1887,  p.  216. 

'Bull.  Gcol.  Soc.  Am.,  1890,  p.  559.    Cf.  Marker  and  Marr,  Q.  J.  Geol.  Soc, 
1891,  p.  284. 

'Cf.  Barlow,  Am.  Geol.,  VI,  1890,  p.  29. 
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mountain-built  strata  is  the  well-known  one  at  Bernardston, 
Mass.,  some  seven  miles  to  the  southwest  of  the  Ashuelot  area. 
The  first  studies  of  the  organic  forms  enclosed  in  the  limestones 
at  this  place  referred  them  to  the  Helderberg  or  lower  Devon- 
ian. More  recent  determinations  now  fix  the  age  of  the  lime- 
stones as  being  at  the  Hamilton-Chemung  stage  of  the  Upper 
Devonian.  They  are  folded  up  with  quartzites  and  mica-  and 
hornblende-schists  which  are  intensely  metamorphic.  The  care- 
ful field  work  of  Professor  Emerson  and  of  the  late  Professor 
Dana  has  shown  that  these  metamorphic  rocks  are  a  part  of  the 
same  terrane  which  throughout  this  paper  and  the  survey 
reports  of  the  New  Hampshire  survey  has  been  called  the 
**  Coos  group."  As  early  as  1873,  Dana  concluded  that  **the 
Bernardston,  South  Vernon,  and  Northfield  beds  being  of  Hel- 
derberg age,  the  Coos  group,  which  is  but  the  northern  contin- 
uation of  the  same  series,  is,  if  correctly  traced  out,  also  Helder- 
berg."' Professor  C.  H.  Hitchcock  adopted  this  view,  although 
he  disagreed  with  Dana  as  to  the  stratigraphic  order  of  the 
rocks  adjacent  to  the  limestones.*  Professor  Emerson  followed 
with  the  publication  of  his  results  after  a  painstaking  lithological 
and  structural  study  of  the  whole  area.  In  this  paper  he  most 
emphatically  states  his  conviction  and  advances  new  proof  that 
Dana's  position  was  the  correct  one.3  Two  years  later  Dana 
reiterated  his  opinion,^  and  in  his  last  and  greatest  work  clearly 
shows  that  it  persisted  for  the  rest  of  his  life.s  Professor  Emer- 
son is  inclined  to  place  the  faults  and  folds  which  dislocate  the 
Bernardston  rocks  in  Carboniferous  or  post-Carboniferous  time. 
He  attains  this  result  by  combining  his  observations  at  Bernard- 
ston with  those  in  the  more  richly  fossiliferous  localities  farther 
south,  in  the  state  of  Massachusetts.  Thus  we  may  conclude 
that   the  porphyritic  granite  is   probably  a  post-Carboniferous 

'Am.  Jour.  Sci.  (3),  Vol.  VT,  1873,  p.  349. 

»  Am.  Jour.  Sci.  (3),  Vol.  XIV,  1877,  p.  380. 

3  Am.  Jour.  Sci.  (3),  Vol.  XL,  1890,  pp.  263  and  366;  especially  p.  366. 

*Ibid.  (3),  Vol.  XLlll,  1892.  p.  456. 

s  Manual  of  Geology,  pp.  310,  325. 
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intrusive  and  certainly  younger  than  the  upper  Devonian  at  any 
rate. 

Posterior  to  the  schists,  to  the  so-called  protogines,  and  to 
other  old  eruptives  on  the  one  hand,  the  porphyritic  granite  is, 
of  course,  older  than  the  aplitic  and  lamprophyric  dikes  which 
intersect  it.  It  is  also  older  than  the  Fitzwilliam  granite,  the 
hornblende  granite  stock  of  Mount  Whiteface,  the  Franconia 
breccia,'  and  probably  older  than  the  complex  stocks  of  the 
Waterville  area.  It  is  impossible  with  the  facts  now  in  hand  to 
go  further  in  fixing  an  epoch  for  these  great  intrusions.  The 
porphyritic  granite  may  even  belong  to  the  Tertiary. 

SUMMARY. 

Briefly  stated,  the  chief  conclusions  which  have  been  arrived 
at  in  the  foregoing  pages,  are  as  follows  : 

I.  The  so-called  **  porphyritic  gneiss  "  of  New  Hampshire  is 
at  least  in  the  three  most  important  areas,  an  eruptive  porphyritic 
granite  with  a  common  tendency  to  develop  planes  of  foliation. 

It  is  not  to  be  regarded  as  indigenous,  that  is,  as  the  pure 
fused  product  of  the  surrounding  formations  —  a  deep-seated 
exotic  origin  must  be  posited  for  the  granite.  The  evidences  for 
an  igneous  instrusive  origin  include  the  composition  and  struc- 
ture of  the  rock  itself,  the  study  of  field-relations,  the  fluxional 
nature  of  the  foliation,  the  uniformity  of  the  rock  in  all  its  extent 
and  the  prevalence  of  secondary  dikes  and  veins  of  injection 
apparently  derived  from  the  same  magma.  Besides  these  posi- 
tive facts,  there  are  also  those  embodied  in  what  may  be  termed 
negative  evidence.  It  includes  all  those  observations  that  have 
.been  made  in  which  the  peculiarities  of  the  region  and  of  each 
intrusion  will  explain  why  some  of  the  usual  criteria  of  eruptive 
origins  are  not  perfectly  fulfilled.  Chief  among  them  is  the  fact 
of  small  certain  and  undoubted  metamorphic  effects  at  contacts 
—  one  which  we  have  seen  can  be  readily  understood  from  the 
characters  of  the  invaded  rocks.  Lastly,  the  contacts  at  first 
sight  equivocal  prove  to  be  intrusive  contacts  on  comparative 

•  Gcol.  of  N.  H.,  Vol.  II,  p.  257. 
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evidence.  The  existence  of  zones  of  passage  between  the  por- 
phyritic  granite  and  the  schists  with  which  it  comes  in  contact 
is  a  fairly  common  phenomenon  in  the  case  of  stocks  of  plainly 
eruptive  material.  Such  transitions  then  form  no  inherent 
objection  to  a  similar  origin  in  this  instance. 

2.  The  intrusions  necessarily  took  place  under  great  depth  of 
strata.  The  latter  were  elevated  by  the  last  great  period  of  White 
Mountain  flexure  and  were  practically  holocrystalline  products 
of  the  consequent  metamorphism  before  the  porphyritic  granite 
was  intruded.  The  subsequent  disturbance  of  the  greatest  inter- 
est to  us  in  this  connection  is  that  which  caused  the  porphyritic 
granite  to  assume  the  parallel  structure  of  flowage  under  differ- 
ential stress  analogous  to  that  of  the  Himalayan  and  Alpine 
central  granites.  Since  that  time,  the  force  operating  on  the 
tcrranes  has  been  relatively  slight.  It  has  not  sufficed  to  rub 
out  completely,  in  any  part,  this  initial  structure  of  the  por- 
phyritic granite. 

3.  The  molten  rock  entered  the  overlying  schists  in  an  irreg- 
ular fashion  but  in  general  followed  the  regional  line  of  strike  of 
the  White  Mountain  district. 

4.  Various  considerations  lead  us  to  believe  that  the  three 
areas  of  porphyritic  granite  described  are  virtually  contempo- 
raneous. They  arc,  in  every  case,  post-Devonian  in  age, —  how 
much  younger  is  unknown.  Not  being  a  basal  formation,  the 
terrane  loses  much  of  its  value  in  an  elaboration  of  the  strati- 
graphic  sequence  and  a  reconstruction  of  the  New  Hampshire 
geological  scale  is  necessary. 

5.  The  porphyritic  granite  adds  its  testimony  to  the  value  of 
the  opinion  recently  formulated  among  geologists  that  a  highly 
important  class  of  gneisses  owes  its  parallel  structure  to  fluxional 
movement.  And  it  has  the  other  general  kind  of  interest  in 
exemplifying  the  truth  of  Barrois'  prophecy  *'que  les  terrains 
paleozoiques  sont  destines  a  s'etendre  de  plus  en  plus  sur  les 
cartes  geologiques  aux  depens  des  terrains  primitifs." 

Reginald  Aldworth  Daly. 

Harvard  University. 


SUPPLEMENTARY  HYPOTHESIS  RESPECTING  THE 
ORIGIN  OF  THE  LOESS  OF  THE  MISSISSIPPI 
VALLEY.' 

The  loess  problem  still  remains  obstinate.  While  it  has 
yielded  somewhat  to  progressive  research,  there  is,  I  think,  a 
nearly  universal  feeling  of  dissatisfaction  with  all  theories  thus 
far  advanced.  The  eolian  hypothesis  appears  to  be  the  better 
supported  so  far  as  concerns  the  chief  deposits  of  China  and 
perhaps  some  of  those  of  western  America,  while  the  aqueous 
hypothesis  seems  best  supported  so  far  as  concerns  the  deposits 
of  the  Mississippi  valley  and  western  Europe.  It  is  the  judg- 
ment of  some  students  that  the  ultimate  solution  will  lie  in  the 
recognition  of  both  hypotheses,  but  the  means  of  discriminating 
between  the  two  and  of  applying  the  criteria  are  as  yet  wanting. 
The  present  paper  is  intended  to  be  a  contribution  in  this  direc- 
tion. It  is  confined  to  the  loess  deposits  of  the  Mississippi 
valley,  but  is  probably  applicable  to  the  loess  of  western  Europe. 

The  distribution  of  the  loess  in  the  Mississippi  valley  seems 
to  be  very  significant  in  its  peculiarities.  These  may  be  summed 
up  in  two  great  features. 

I.  The  loess  is  distributed  along  the  leading  valleys.  These 
embrace  not  only  the  great  valleys,  the  Missouri  and  the  Mis- 
sissippi, but  some  of  the  subordinate  valleys,  as  the  Illinois,  the 
Wabash,  and  others.  The  loess  is  found  along  the  Missouri 
River  from  southern  Dakota  to  its  mouth ;  along  the  Mississippi 
River  from  Minnesota  to  southern  Mississippi  ;  along  the  Illinois 
and  the  Wabash  from  the  points  of  their  emergence  from  the 
territory  of  the  later  glacial  sheets  to  their  mouths.  Along 
these  valleys  the  loess  is  thickest,  coarsest  and  most  typical  in 
the  bluffs  bordering  the  rivers  and  grades  away  into  thinness, 
fineness  and  non-typical  nature  as  the  distance  from  the   rivers 

*  Read  before  Section  E,  Am.  Asso.  Adv.  Sci.  Aug.  12,  1897. 
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increases.  In  some  instances  the  loess  mantle  rises  to  the  divide 
and  connects  with  the  similar  deposit  of  an  adjacent  valley,  but 
the  law  of  progressive  fineness  and  thinness  still  holds.  This 
relationship  is  such  as  to  create  a  very  strong  conviction  that 
the  deposit  of  the  loess  was  in  some  vital  way  connected  with  the 
great  streams  of  the  region. 

2.  The  second  significant  feature  is  the  distribution  of  the 
loess  along  the  border  of  the  former  ice-sheet  at  the  stage  now 
known  as  the  lowan.  (Strictly  speaking  there  was  more  than 
one  stage  of  loess  formation,  but  for  convenience  only  the  main 
stage  will  be  here  discussed.)  The  elaborate  paper  of  McGee 
made  us  familiar  some  years  ago  with  this  relationship  in  eastern 
Iowa.  The  studies  of  Calvin  and  his  colleagues.  Bain,  Beyer,  and 
Norton,  of  the  Iowa  Survey,  of  Winchell  and  Upham  of  the  Min- 
nesota Survey,  of  Todd  of  the  South  Dakota  Survey,  and  of  Salis- 
bury, Leverett,  Udden,  Buell,  Hershey,  and  the  writer  of  the 
United  States  Survey,  have  greatly  extended  the  evidence  of  this 
relationship.  It  has  recently  been  much  advanced  by  the  Iowa 
geologists  and  by  Leverett  and  Hershey  in  northwestern  Illinois. 
Next  the  border  of  the  ice-sheet  the  loess  is  thick  and  typical, 
but  graduates  away  with  increasing  distance  from  the  ice  border 
in  a  manner  similar  to  the  graduation  away  from  the  river  valleys. 
On  the  border  next  the  ice  there  are  developed  the  formations 
designated  by  McGee  paha,  elongated  domes  of  quasi-drumloidal 
contours  which  are  mantled  by  loess.  This  superficial  loess  grad- 
uates downwards  into  loess  of  coarser  and  coarser  texture  until 
it  often  passes  into  a  nucleus  of  sand.  Below  this  there  is  often 
an  embossment  of  till.  These  pahas  seem  to  be  ice  border  phe- 
nomena. Whatever  their  special  mode  of  formation  their  distri- 
bution seems  to  connect  them  in  some  more  or  less  direct  genetic 
relationship  with  the  ice. 

It  has  been  affirmed  by  several  independent  observers  that 
the  loess  graduates  into  glacial  clays  and  glacial  till  and  this 
relationship  further  tends  to  confirm  the  association  of  the  loess 
with  glacial  action. 

It   has   been   shown   by  the  microscopical   examinations   of 
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Salisbury  that  the  loess  particles  are  composed  in  part  of  feld- 
spars, amphiboles,  pyroxenes  and  other  common  constituents  of 
the  glacial  clays.  These  silicates  are  decomposable  under  pro- 
longed weathering,  and  hence  cannot  well  be  supposed  to  come 
from  residuary  clays  under  the  ordinary  conditions  of  the  Mis- 
sissippi valley.  The  presence  of  the  calcium  and  magnesium 
carbonates,  independent  of  the  presence  of  shells,  points  in  the 
same  direction.  This  inference  is  strengthened  in  a  peculiar  way 
by  observations  in  the  lower  Mississippi  valley.  Above  the 
Lafayette  gravels  and  below  the  loess  there  is  a  stratum  of  silt 
which  does  not  habitually  contain  the  characteristic  silicate 
particles  of  the  loess.  This  stratlim  has  been  by  most  observers 
associated  with  the  loess,  but  it  is  separated  from  it  by  a  soil 
horizon  as  abundantly  affirmed  by  the  observations  of  Salisbury 
and  the  writer.  On  the  other  hand  it  graduates  more  or  less 
freely  into  the  Lafayette  sands  and  gravels.  The  stratum  is, 
as  we  interpret  it,  the  last  deposit  of  the  Lafayette  stage.  It  is 
a  typical  finishing  deposit  succeeding  a  fluvial  sand  and  gravel. 
Now  this  has  special  significance  in  this  relationship,  in  that  it 
shows  that  in  the  stage  closely  preceding  the  loess  deposit,  the 
Mississippi  did  not  lay  down  silts  of  the  same  constitution  as 
the  loess.  The  inference  therefore  is  that  the  loess  is  not  simply 
a  fluvial  silt  brought  down  from  the  surface  of  the  river  basin, 
nor  common  wind  drift  borne  into  it,  but  that  it  had  a  special 
origin  connected  with  glacial  action  which  was  competent  to 
supply  precisely  the  kind  of  silt  of  which  the  loess  is  made. 

It  is  hard  to  resist  the  force  of  this  argument  from  the  con- 
stitution of  the  loess  taken  in  connection  with  the  two  distribu- 
tive relationships.  Jointly  they  seem  to  force  the  conviction 
that  the  loess  had  its  origin  in  some  relationship  to  the  ice  of 
the  lowan  stage  and  to  the  rivers  that  led  away  from  the  ice 
edge  at  that  time. 

But  the  hypothesis  that  the  loess  is  simply  an  outwash  of 
glacial  grindings  distributed  along  the  river  valleys  by  the 
glacio-fluvial  waters  is  attended  by  grave  difficulties.  This 
remains  true  whether  the  deposition  be  supposed  to  have  taken 
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place  either  in  a  strictly  fluvial  fashion,  or  in  a  fluvio-lacustrine 
fashion,  or  in  a  true  lacustrine  fashion,  or  in  an  arm  of  the  sea. 
In  the  first  place,  the  vertical  distribution  of  the  loess  cannot 
easily  be  explained.  The  extreme  vertical  range  is  not  far  from 
a  thousand  feet.  The  range  within  a  score  of  miles  is  frequently 
from  500  to  700  feet.  The  loess  sometimes  seems  to  the  field 
observer  to  have  a  special  fondness  for  summit  heights.  It 
sometimes  mantles  topography  of  a  pronouncedly  rolling  type. 
It  does  not  then  appear  to  be  a  deposit  which  once  had  a  level 
or  even  a  smooth  surface  out  of  which  the  rolling  surface  has 
been  eroded,  but  to  be  a  mantle  laid  down  upon  a  previously 
undulatory  surface.  Such  a  mantle  might  perchance  be  laid 
down  from  water,  but  I  am  not  aware  that  we  have  any  demon- 
strative deposition  of  the  kind  which  closely  simulates  the 
mantling  of  the  loess  in  some  of  the  upland  territory.  To  sup- 
pose that  the  Mississippi,  Missouri,  Illinois,  Wabash  and  lower 
Ohio  rivers  were  so  swollen  that  they  united  over  their  divides 
and  threw  down  a  mantle  of  fine  silt  over  the  southern  and 
western  half  of  Iowa  and  the  southern  parts  of  Illinois,  Indiana 
and  Ohio,  is  a  somewhat  severe  tax  upon  belief.  It  is  difficult 
to  imagine  the  conditions  which  should  have  maintained  such  a 
body  of  water.  This  has  been  so  much  discussed  that  I  need 
not  dwell  upon  it.  But  even  if  such  a  body  be  supposed,  it  is 
difficult  to  imagine  how  the  deposition  could  have  been  precisely 
what  we  find  in  the  case  of  the  loess.  It  is  futhermore  difficult 
to  account  for  the  presence  of  the  land  shells  which  abound  in 
it ;  for  if  this  great  flood  had  the  ice-sheet  for  its  northern 
border,  it  is  extremely  difficult  to  imagine  how  it  could  have 
been  peopled  so  widely  with  the  terrestrial  mollusks. 

The  limit  of  the  loess  does  not  appear  to  be  a  strictly  topo- 
graphic one.  It  is  difficult  to  bring  its  border  into  strict  accord 
with  a  horizontal  plain  as  required  by  the  lacustrine  and  marine 
phases  of  the  hypothesis,  or  even  into  a  consistent  gradient  as 
required  by  the  fluvial  phase,  without  an  arbitrary  warping  of 
the  surface.  The  spread  of  the  loess  in- the  lower  Mississippi 
valley  is  more  extensive  and  reaches  greater  heights  on  the  east 
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side  than  on  the  west  side,  so  far  as  present  knowledge  goes.  A 
similar  fact  seems  to  be  true  of  the  Missouri  valley.  I  think 
this  is  generally  true,  but  my  observations  are  not  sufficient  to 
justify  its  unqualified  affirmation  as  a  generalization. 

There  are  other  difficulties  attending  the  aqueous  theory  in 
its  simple  application,  but  I  need  not  attempt  an  exhaustive 
recitial  here  as  they  have  received  emphasis  in  the  long  battle 
between  the  eolian  and  aqueous  hypotheses.  The  foregoing 
will  I  trust  suffice  to  show  that  there  is  abundant  occasion  to 
still  cast  about  for  a  more  satisfactory  explanation  of  the  loess 
puzzle. 

The  supplementary  hypothesis  herewith  proposed  attempts 
to  divide  the  honors  between  the  aqueous  and  eolian  agencies. 
It  recognizes  the  tremendous  force  of  the  arguments  from  the 
distribution  and  the  constitution  of  the  loess  in  favor  of  the 
glacio  -  fluvial  hypothesis,  and  it  adopts  that  hypothesis  as 
the  fundamental  explanation  of  the  origin  of  the  Mississippian 
loess.  It  assumes  the  presence  of  the  lowan  ice  at  the  chief 
stage  of  loess  deposition.  It  assumes  a  very  low  slope  of  the 
land  and  a  consequent  wide  wandering  of  the  glacial  waters.  It 
assumes  the  development  of  extensive  flats  over  which  the  silts 
derived  from  glacial  grinding  were  spread.  It  assumes  that  the 
glacial  waters  were  subject  to  great  fluctuations ;  i  °  as  the  result 
of  periods  of  warm  weather  in  the  melting  season, and  2°  as  the 
result  of  warm  rains,  which  not  only  added  directly  to  the 
volume  of  water,  but  forced  the  rapid  melting  of  the  ice.  Gil- 
bert has  acutely  observed  that  there  is  no  way  in  which  the 
atmosphere  cah  convey  its  heat  energy  to  a  glacier  so  effectually 
as  through  warm  rains. 

Let  it  be  imagined,  therefore,  that  the  silty  waters  from  the 
margin  of  the  ice-fields  wandered  over  broad  flats  and  constantly 
built  them  up  by  their  sediments,  and  that  at  periodical  flood 
stages  they  extended  themselves  widely  over  the  plains,  while 
between  the  flood  stages  they  withdrew  to  more  limited  courses. 

The  territory  covered  by  the  maximum  extension  of  the 
waters  would  be  the  zone  of  accumulation  of  fluvial  loess.     It  is 
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not  necessary  to  suppose  that  the  periodic  extensions  of  the  floods 
were  destructive  of  the  vegetation  over  all  the  flat  region.  In 
some  portions  not  only  could  vegetation  persist,  but  the  land 
mollusks  and  other  animals  dependent  upon  the  vegetation  could 
find  a  temporary  retreat  from  the  flood  on  the  taller  vegetation 
that  may  have  prevailed. 

After  each  of  the  periodical  retreats  of  the  water  there 
would  be  left  extensive  silt-covered  tracts  facily  exposed  to  the 
sweepings  of  the  wind  and  from  these,  when  dried,  dust  could  be 
derived  in  great  quantities  to  be  borne  away  over  the  adjoining 
lands  and  lodged  in  their  vegetation.  The  material  thus 
derived  would  be  essentially  identical  with  the  glacio-fluvial 
deposition,  and  thus  the  hypothesis  seeks  to  account  for  the 
glacial  element  in  the  constitution  of  the  eolian  portion  of  the 
loess.  The  presence  of  land  mollusks  in  the  upland  eolian  loess 
finds  in  this  way  a  ready  explanation,  while  their  presence  in  the 
lowland  loess  mingled  with  aqueous  mollusks  finds  an  almost 
equally  obvious  elucidation  ;  for  not  only  would  the  upland  shells 
be  washed  into  the  lowlands,  as  we  observe  they  are  at  the 
present  time,  but  they  would  periodically  invade  the  lowlands  in 
the  intervals  between  submergence  and  would  be  caught  and 
buried  there.  Occasionally  the  shells  of  the  lowland  and  aqueous 
mollusks  would  be  borne  to  the  uplands  by  organic  agencies, 
and  possibly  in  rare  instances  by  the  severest  type  of  winds, 
and  hence  their  occasional  presence  there  is  not  remarkable. 

To  make  this  a  good  working  hypothesis  it  would  appear 
that  there  must  be  an  accommodation  between  the  breadth  and 
fluctuations  of  the  fluvial  deposits  and  the  extent  and  massiveness 
of  the  eolian  deposits,  for  if  we  suppose  the  glacial  floods  to  be 
confined  within  narrow  channels,  the  sweeping  ground  of  the 
winds  would  have  been  too  scant  to  give  origin  to  the  great 
mantle  of  silt  then  attributable  to  them,  for  we  must  remember 
that  in  proportion  as  the  river  work  is  narrowed  the  wind  work 
is  expanded.  It  is  obvious  that  the  eolian  factor  will  cut  away 
its  own  ground  if  pushed  too  far. 

There  is  little  question  that  loess-like  accumulations  are  now 
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taking  place  on  the  bluffs  adjacent  to  the  Mississippi  and  Mis- 
souri valleys.  Observation  seems  to  clearly  indicate  this.  But 
such  accumulations  are  relatively  scant  in  amount  and  limited  in 
extent,  and  it  is  difficult,  if  not  impossible,  to  believe  that  the 
great  loess  mantle  had  its  origin  from  the  wind  drift  of  flood 
plains  no  more  extensive  than  those  of  today.  It  must  be  con- 
stantly borne  in  mind  that  the  eolian  deposits  are  measured,  not 
by  the  quantity  of  silt  borne  by  the  winds  and  lodged  on  the 
surface,  but  by  the  difference  between  such  lodgment  and  the 
erosion  of  the  surface.  Under  most  conditions  with  which  we 
are  familiar  the  erosion  is  more  than  a  match  for  the  dust 
accumulations.  The  conditions  must  then  have  been  extraor- 
dinary which  would  give  a  dust  deposition  sufficient  to  supply 
erosion  and  still  leave  so  large  a  residuum  as  the  loess  mantle 
implies.  The  unleached  and  relatively  unweathered  nature  of 
the  body  of  the  loess  is  specially  in  point  here.  These  con- 
siderations warn  us  of  the  theoretical  danger  of  too  greatly  cir- 
cumscribing the  fluvial  action. 

On  the  other  hand,  if  we  attempt  to  extend  the  fluvial 
hypothesis  too  greatly  we  fail  to  leave  sufficient  feeding  ground 
for  the  moUuscan  life  and  we  encounter  the  topographical  and 
physical  difficulties  which  have  been  previously  urged  against 
the  pure  aqueous  theory.  A  Janus-faced  hypothesis  is  here 
offered  in  the  hope  that  by  a  judicious  reference  of  a  part  of  the 
loess  to  one  class  of  action  and  a  part  to  the  other,  a  joint 
explanation  may  be  found  to  afford  a  true  elucidation  of  the 
perplexing  formation.  At  any  rate,  it  has  seemed  worth  while 
to  propose  the  hypothesis  for  trial.  It  will  doubtless  be 
extremely  difficult  to  find  a  line  of  demarkation  between  the  two 
classes  of  deposits.  Such  attempts  as  have  been  made  in  this 
line  justify  this  apprehension.  This  supplementary  theory  has 
been  in  mind  for  several  years  and  was  briefly  suggested  in  my 
paper  on  the  Genetic  Classification  of  the  Pleistocene  Deposits^  pre- 
sented at  the  Fifth  Session  of  the  International  Congress  of 
Geologists  at  Washington  in  1891.'     An  effort  has  been  made 

sCompte- Rendu  of  the  Fifth  Session  of  the  International  Congress  of  Geologists, 
Washington,  1891,  p.  192. 
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by  some  of  my  colleagues  and  by  myself  to  find  criteria  of  dis- 
crimination between  aqueous  and  eolian  loess.  While  individual 
types  of  both  deposits  are  not  difficult  to  find,  a  criterion  or  a 
series  of  criteria  of  general  applicability  which  shall  distinguish 
the  two  and  assign  to  each  its  appropriate  part  is  yet  wanting. 

Richtofcn  in  his  classic  work  on  China  urged  as  the  explana- 
tion of  the  great  Chinese  loess  an  eolian  hypothesis  supple- 
mented by  a  fluvio-lacustrine  hypothesis.  He  insisted  that  the 
original  and  chief  loess  deposits  were  formed  by  dust  blown 
from  the  great  arid  plateaus  and  lodged  on  the  more  fertile  plains 
of  China,  and  that  from  these  primary  deposits  the  streams 
gathered  and  subsequently  redeposited  in  fluvial  or  lacustrine 
form  a  subordinate  portion,  thus  giving  origin  to  a  secondary 
loess  formation.  Going  beyond  that  field  he  and  his  supporters 
have  apparently  tried  to  apply  this  secondary  factor  to  the 
explanation  of  difficulties  in  the  European  and  American  loess, 
to  which  its  application  is  more  than  doubtful.  It  is  interesting, 
however,  to  note  that  the  loess  puzzle  of  China,  even  in  the  mind 
of  its  chief  exponent,  finds  a  full  solution  only  in  a  combination 
of  eolian  and  aqueous  hypotheses.  The  present  writer  herein 
urges  the  trial  of  a  similar  combination  of  hypotheses,  but 
reverses  the  order  of  the  terms  in  their  Mississippian  applica- 
tion. The  aqueous  loess  is  made  primitive  and  the  eolian  loess 
secondary.  The  Richtofen  loess  may  be  said  to  be  first  eolian 
and  secondarily  aqueous ;  the  Mississippian  loess,  first  aqueous, 
and  secondarily  eolian.  The  Richtofen  loess  in  its  ultimate 
origin  is  residuary.  The  Mississippian  loess,  in  its  ultimate 
origin,  is  glacial.  The  Richtofen  mode  of  origin  may  be  said 
to  be  eolio-fluvial,  the  mode  herein  advocated,  fluvio-eolian,  in 
which  terms  the  order  of  the  words  indicates  the  order  of  deri- 
vation and  each  word  signifies  a  variety  of  loess. 

T.  C.  Chamberlin. 


CRYPTODISCUS,  HALL. 

In  a  recent  paper  in  this  Journal,'  I  figured  and  described 
some  peculiar  disk-like  fossils  from  the  Niagara  limestone  at 
Joliet,  111.,  identifying  them  with  Hall's  genus  Cryptodiscus,  and 
interpreting  them  as  the  possible  casts  of  the  gastric  cavities  of 
Medusae.  At  the  time  these  descriptions  were  written  a  part  of 
the  material  had  been  in  my  hands  for  two  years  or  more.  As 
the  paper  was  going  to  press,  too  late  for  revision,  additional 
material  which  suggested  an  entirely  different  interpretation, 
came  into  my  hands  from  the  collection  of  Mr.  E.  E.  Teller,  of 
Milwaukee,  Wis.  These  new  specimens  are  from  the  dolomitic 
Niagara  limestone  of  Racine,  Wis.,  and  like  the  others  are  casts, 
the  actual  substance  of  the  fossil  being  dissolved  out.  This  new 
material  shows  that  the  disk-like  bodies  are  not  the  complete 
fossils,  but  that  they  are  attached  to  the  summit  of  a  tube  com- 
posed of  regularly  arranged  plates. 

The  disk  portion  of  the  fossil,  to  which  Hall  gave  the  name 
Cryptodiscus^  was  fully  described  in  my  former  paper.  It  consists 
of  an  expanded  disk  with  a  variously  lobed  periphery,  composed 
of  four  equal  plates  which  occupy  the  position  of  the  four  quad- 
rants of  the  disk.  Figure  i,  Plate  A,  and  Fig.  6,  Plate  B  repre- 
sent the  impressions  of  the  lower  and  upper  sides  of  a  very  com- 
plete specimen  from  Racine.  It  is  similar  to  the  specimen  to 
which  the  name  Cryptodiscus  digitatus  was  given  in  my  former 
paper,  but  differs  from  that  species  in  the  lobing  of  the  periph- 
ery. If  broken  off  at  the  bottoms  of  the  lobes  it  would  have 
the  contour  of  C  hydei.  The  lower  side  of  the  disk  with  its 
central  funnel-shaped  depression  with  the  central  elevation  is 
not  different  from  those  formerly  described,  but  the  upper  side 
of  the  specimen  is  more  nearly  perfect  than  any  of  those.     It  is 

' "  On  the  Presence  of  Problematic  Fossil  Medusa:  in  the  Niagara  Limestone  of 
Northern  Illinois.'* — JoUR.  Geol.,  Vol.  V,  p.  744.. 
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flat  across  the  central  portion  with  the  exception  of  a  small 
square  fractured  area  in  the  exact  center.  This  fractured  por- 
tion corresponds  to  a  similar  fractured  area  at  the  summit  of  the 
central  prominence  of  the  lower  side,  and  really  represents  a 
perforation  through  the  disk  in  its  perfect  condition. 

The  impression  of  the  upper  side  of  the  disk  of  another 
species  is  seen  in  Fig.  4,  Plate  A.  The  lobing  of  the  periph- 
ery is  different  in  this  species,  but  its  greatest  peculiarity  is  in 
the  presence  of  the  impressions  of  four  rather  slender  diverging 
spines,  one  on  each  quadrant,  surrounding  the  fracture  represent- 
ing the  central  perforation  of  the  disk. 

In  the  limestone  at  Racine,  associated  with  Cryptodiscus,  the 
internal  casts  of  some  peculiar  tubelike  bodies  have  been  found 
by  Mr.  Teller.  Two  views  of  the  most  perfect  of  these  speci- 
mens are  shown  on  Plate  A,  Fig.  3,  and  Plate  B,  Fig.  7.  The 
tubes  are  composed  of  plates  arranged  in  ranges  of  four  each, 
and  in  the  specimen  illustrated  the  impressions  of  three  such 
ranges  are  preserved.  The  top  range  consists  of  two  longer 
plates  and  two  shorter  ones ;  the  middle  range  consists  of  two 
plates  below  the  shorter  plates  of  the  top  range,  which  are  placed 
higher  than  the  two  plates  below  the  longer  plates  of  the  top. 
The  lower  ends  of  the  basal  range  of  plates  are  not  preserved, 
but  the  summits  are  alternately  higher  and  lower,  to  correspond 
with  the  plates  of  the  middle  range. 

The  specimen  which  forms  the  connecting  link  between  the 
disk  and  the  tube  is  illustrated  on  Plate  A,  Fig.  2.  In  this 
specimen  the  disk  and  the  tube  are  both  incomplete,  but  the 
relative  position  of  the  two  is  perfectly  shown.  The  four  quad- 
rants of  the  disk  are  shown  to  be  but  the  greatly  expanded 
margins  of  the  four  plates  in  the  top  range  of  the  tube,  and  the 
central  elevation  seen  in  the  impressions  of  the  lower  side  of  the 
disk,  is  the  summit  of  the  internal  cast  of  the  tube. 

When  the  relationship  of  the  disk  to  the  tube  was  recognized, 
the  crinoidal  character  of  Cryptodiscus  could  not  be  questioned ; 
and  a  comparison  of  the  arrangement  of  the  plates  in  the  tube 
with  the  arrangement  of  the  plates  in  the  dome  of  Calli  critms. 
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showed  Cryptodiscus  to  be  but  a  portion  of  the  dome  of  mem- 
bers of  that  genus. 

Figure  9,  Plate  B,  is  a  diagram  adapted  from  Wachsmuth  and 
Springer,  to  show  the  arrangement  of  the  plates  in  the  calyx  of 
Callicrinus  costatus  His.,  the  type  of  the  genus.  The  dome  is 
composed  of  four  ranges  of  plates,  of  which  the  first  contains 
ten,  and  the  second,  third,  and  fourth  ranges,  four  plates  each. 

Figure  8,  Plate  B,  shows  diagramatically  the  arrangement  of 
the  plates  in  the  Racine  specimen.  The  three  ranges  of  plates 
present  in  these  specimens  correspond  to  the  second,  third,  and 
fourth  ranges  in  the  dome  of  C,  costatus.  The  plates  in  the 
Racine  specimens  differ  from  those  of  C,  costatus  in  the  third 
range ;  the  two  lower  plates  of  this  range  are  not  in  contact  lat- 
erally, as  in  that  species,  but  are  separated  by  the  downward 
extension  of  the  two  upper  plates,  which  meet  the  truncated 
upper  ends  of  the  two  corresponding  plates  of  the  second  range. 
The  most  conspicuous  difference  between  the  Racine  specimens 
and  C,  costatus^  is  in  the  greatly  expanded  margins  of  the  plates 
of  the  fourth  range,  forming  the  disk  to  which  the  name  Crypto- 
discus has  been  applied. 

Figure  5,  Plate  A,  which  shows  the  external  impression  of  a 
portion  of  a  disk  attached  to  the  tube,  is  introduced  to  show 
a  peculiar  ring-like  canal  which  surrounds  the  tube  just  below 
its  junction  with  the  disk.  This  canal  is  open  entirely  around 
the  tube  so  far  as  it  is  preserved,  and  a  pliable  wire  inserted  at 
one  side  passes  around  and  out  on  the  opposite  side.  On  the 
impression  itself,  just  above  the  angle  between  the  disk  and  the 
tube,  is  a  scries  of  small  slit-like  openings  which  apparently 
connect  with  the  ring  canal.  In  the  actual  specimens,  of  course, 
these  openings  were  represented  by  a  solid  ring  around  the  tube, 
which  was  supported  by  a  series  of  small  bars  connected  with 
the  basal  portion  of  the  under  side  of  the  disk.  No  explanation 
of  these  characters  can  be  offered. 

In  their  monograph,  '*The  North  American  Crinoidea  Cam- 
erata,"  Wachsmuth  and  Springer  recognize  from  the  dorsal  cups 
alone,   four  species   of    Callicrinus — C  beachleri  from  St.  Paul. 
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Ind.,  C  acanthtis  from  Lockport,  N.  Y.,  C,  comtUus  from  Racine, 
Wis.,  and  Chicago,  111.,  and  C  ramifer  from  Tennessee.  From 
the  St.  Paul  beds  in  which  C.beachleri  occurs.  Miller'  has  figured 
a  specimen  of  Cryptodiscus.  From  the  Racine  beds,  associated 
with  C  comutus  the  specimens  illustrated  in  this  paper  were 
obtained.  From  Lockport,  N.  Y.,  and  from  Tennessee  there  is 
as  yet  no  record  of  Cryptodiscus,  but  specimens  may  yet  be  found 
in  these  localities.  The  known  localities  for  Cryptodiscus  are 
Racine,  Wis.,  Joliet,  111.,  St.  Paul,  Ind.,  and  Jones  county,  la., 
and  in  all  these,  with  the  exception  of  the  last,  the  dorsal  cups 
of  Callicrinus  are  found  associated  with  it. 

The  correlation  of  Cryptodiscus  as  a  genus  with  Callicrinus 
seems  complete,  but  material  has  not  yet  been  found  by  means 
of  which  the  species  of  Cryptodiscus  may  be  correlated  with  the 
species  of  Callicrifius  described  from  the  dorsal  cup. 

The  genus  Cryptodiscus,  founded  by  Hall,  was  never  properly 
described,  nor  were  the  relationships  of  the  fossils  to  which  the 
name  was  applied,  properly  understood.  D'Orbigny's  name, 
Callicrifius,  also  has  priority  over  Hall's,  so  it  becomes  necessary 
to  drop  Cryptodiscus  entirely,  and  to  refer  all  the  specimens  to 
Callicrinus.  The  different  forms  of  disks  doubtless  represent 
distinct  species  of  the  genus,  but  there  may  be  a  difference  of 
opinion  as  to  whether  species  should  be  established  upon  the  disk 
alone  without  a  knowledge  of  the  dorsal  cup,  and  no  names  will 
be  given  to  the  Racine  specimens  for  the  present. 

Stuart  Weller. 

The  University  of  Chicago. 

■  Eighteenth  Rep.  Dep.  Geol.  and  Nat.  Rec,  Indiana,  p.  260,  PI.  I,  Fig.  7. 


A  NOTE  ON  THE  MIGRATION  OF  DIVIDES.' 

San  Clemente  Island,  one  of  a  group  lying  off  the  southern 
coast  of  California,  is  a  typical  orogenic  block,'  formed  by  fault- 
ing in  geologically  recent  times.  Its  drainage  is  still  in  its 
infancy,  and  is  therefore  very  simple.  A  study  of  the  topo- 
graphical features  of  this  isolated  mass  has  led  the  writer  to 
consider  the  effect  on  a  previously  established  drainage  system, 
of  faulting  with  consequent  migration  of  divides. 

In  the  case  of  San  Clemente,  as  the  slope  toward  the  line  of 
faulting  is  by  far  the  steeper,  erosion  on  that  side  is  much  more 
rapid,  and  consequently  the  main  watershed  of  the  unmodified 
crust-block  migrates  away  from  that  side  toward  the  other.  In 
this  case  then,  the  movement  of  the  divide  is  from  the  line 
along  which  the  elevation  takes  place — that  is,  from  the  line  of 
faulting.  This  differs  from  an  uplift  along  an  axis,  without 
faulting,  in  a  topographically  simple  region  of  homogeneous 
rocks,  as  in  the  latter  case  the  axis  of  uplift  itself  forms  the 
ultimate  divide,  while  in  the  former  case  the  resulting  divide  is 
situated  at  some  distance  to  one  side  of  the  line  of  faulting. 
Thus  the  effect  on  a  simple  drainage  system  already  established 
will  be  different  for  the  two  kinds  of  crustal  movements,  and  the 
law  for  the  migration  of  divides  as  given  by  Campbell  ^  must  be 
modified  in  order  to  make  it  applicable  to  an  uplift  accompanied 
by  pronounced  faulting. 

This  may  be  illustrated  as  follows,  assuming,  as  Campbell 
has  done,  the  simplest  possible  conditions,  in  order  to  eliminate 
disturbing  elements  from  the  problem:  In  Figs,  i,  2  and  3, 
C  represents  the  divide  between  the  symmetrical  drainage  slopes 

*  Published  by  permission  of  the  Director  of  the  United  States  Geological 
Survey. 

»  Bull.  Dept.  Geol.  Univ.  Cal.,  Vol.  I,  No.  4,  p.  129. 
3  Jour.  Geol.  Vol.  IV,  No.  5,  July-August  1896,  p.  580. 
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of  the  two  stream  profiles,  C  B  A  and  C  D  E.  If  faulting 
occurs  parallel  to  this  divide,  with  a  downthrow  toward  the  left,, 
it  may  occur  on  either  side  of  C  (leaving  out  of  the  question 
the  possible  occurrence  of  a  fault  at  C  itself).  Suppose,  firsts 
that  the  fault  is   to   the   left  of  C,  at  B  (Fig.  i),  and  that  the 


Fig.  I. 

faulted  portions  have  assumed  the  positions  indicated  by  B'  C 
D'  E  and  AB',  A  and  E  representing  the  limits  of  movement 
in  either  direction.'  The  part'  B  C  will  have  had  its  angle  of 
slope  decreased  by  elevation,  and  therefore  the  rate  of  erosion 
on  this  slope  will  be  diminished.  The  angle  of  the  slope  CD  E^ 
however,  will  have  been  increased,  and  its  rate  of  erosion  will  be 
correspondingly  greater.  The  slope  C'D'E,  then,  will  be  cut 
away  more  rapidly  than  the  opposite  slope,  C'B',  and  the  divide, 
C',will  migrate  toward  B',  in  accordance  with  the  normal 
operation  of  the  law.  This  condition,  however,  will  last  only  a 
comparatively  short  time,  for  on  account  of  the  high  angle  of 
B  B'  erosion  on  this  slope  will  be  very  vigorous,  and  the  point 
B''  will  be  rapidly  carried  back  toward  C,  till  the  two  meet. 
When  this  stage  is  reached  the  edge  of  the  faulted  block  will  be 
represented  by  C,  and  the  profile,  approximately,  by  B'CE. 
Further  erosion  will  tend  to  carry  the  crest  C  toward  E,  owing 
to  the  more  rapid  cutting  on  the  steeper  slope,  B'  Q\  The 
final  result  will  be  that  the  point  C  is  carried  to  some  point 
such  as  D',  the  exact  position  of  which  depends  on  the  relative 
attitude  of  the  points  which  correspond  to  B'  and  E,  when 
erosion  has  reached  this  stage. 

The  second   case  (Fig.'2),  when  the   faulting  is  between  the 

'  These  sections  are  diagrammatic,  and  do  not  attempt  to  give  the  exact  relative 
positions  of  the  two  parts,  as  these  positions  depend  on  the  circumstances  obtaining 
at  the  time  of  faulting. 
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divide,  C,  and  the  point  E,  is  similar  to  the  last  in  the  movement 
of  the  crest  of  the  faulted  block  toward  D,  or  away  from  the  line 
of  faulting.  In  the  former  case,  however,  the  initial  movement 
(for  the  fault-block)  was  toward  the  fault-line,  while  in  this  case 
that  feature  is  eliminated,  as  the  faulted  portion  D'  E  excludes 


Fig.  2. 

the  original  divide  C.  In  this  second  case,  this  movement  of 
the  crest  of  the  block  D'  D*  E  is  thus  away  from  the  divide,  C, 
also,  and  the  final  result  of  the  uplift  is  the  establishment  of  a 
divide  for  the  crust-block,  at  some  point  betwen  D'  and  E, 
depending  on  the  relative  attitude  of  these  two  points. 

If  the  faulting  has  been  sufficient  this  resultant  divide  will 
form  the  main  watershed  for  the  region,  the  original  divide,  C 
being  now  of  insignificant  proportions.  The  faulting  may, 
however,  be  such  that  the  portion  ABCD  cannot  be  left  out  of 
account.  If,  as  shown  in  Fig.  2,  the  final  position  of  A  B  C  D  is 
more  elevated  than  its  original  position,  the  slope  C  D  will  have 
been  decreased,  while  ABC  will  have  been  slightly  increased. 
As  a  consequence  there  will  be  a  migration  of  C  toward  D'. 
If  the  faulting  is  sufficient  in  amount,  the  migrating  crest  will 
finally  reach  D',  and  there  will  be  no  divide  other  than  that  of 
the  faulted  block,  D'  D'  E.  As  the  movement  of  the  crest-line 
in  this  case  is  toward  E  for  the  parts  on  both  sides  of  the  fault- 
line,  the  resultant  crest  must  be  at  some  point  between  C  and  E, 
whether  the  amount  of  faulting  be  great  or  small. 

If,  on  the  other  hand,  the  movement  of  A  B  C  D  is  one  of 
depression  (Fig.  3),  the  result  is  more  complicated,  and  the 
final  position  of  the  crest  C  will  depend  on  the  relative  attitudes 
of  the  faulted  portions  AB'  C  D'  andD'  D'E.  In  other  words, 
if  the  sum  total  of  movement  in  the  two  parts  produces  eleva- 
tion, the  migration  of  the  divide  will  be  in  the  direction  of  E, 
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while  if  the  resultant  of  the  movement  is  a  depression  the  divide 
will  migrate  toward  A. 

If  the  faulted  block  D'  D'  E  were  elevated  from  submarine 
depths  to  a  position  similar  to  that  of  San  Clemente,  the  final 


result  of  erosion  would  be  a  divide  midway  between  the  limiting 
waters  on  the  two  sides. 

The  results  here  arrived  at  must  be  true  in  all  cases,  whether 
the  movements  causing  faulting  are  slow  or  rapid,  continuous  or 
intermittent  in  their  action,  and  small  or  great  in  amount.  Varia- 
tion in  these  factors,  however,  will  cause  a  variation  in  the  rate  of 
the  migration,  or  in  its  extent.  Other  modifying  factors  are  the 
relative  positions  of  the  divi(le  and  the  line  of  faulting,  and  the 
dip  of  the  fault-plane. 

To  sum  up  :  Where  simple  crustal  movements  occur,  causing 
faulting  with  resultant  elevation,  a  migration  of  the  stream  divide 
will  follow,  in  the  direction  of  the  line  of  faulting  when  the  fault- 
scarp  faces  the  divide,  away  from  the  line  of  faulting  when  it 
does  not.  Or,  in  other  words,  the  migration  is  from  the  axis  of 
faulting  when  the  faulted  block  includes  the  divide,  and  toward 
the  axis  of  faulting  when  it  does  not. 

Wm.  Sidney  Tangier  Smith. 


DISCOVERY   OF    MARINE    JURASSIC    ROCKS    IN 

SOUTHWESTERN   TEXAS. 

Several  announcements  of  marine  Jurassic  rocks  in  New 
Mexico  and  Texas  have  been  made  by  authors,  the  earliest  as 
also  the  latest  by  Mr.  Jules  Marcou  ;  but  the  marine  sediments 
hitherto  called  Jurassic  in  these  states  belong  to  the  Comanche 
series.  Modiola  jurafacies^  Homomya  jurafacies,  Exogyra  hilli^  and 
possibly  one  or  two  other  members  of  the  fauna  of  the  latter 
series,  which  are  more  or  less  clearly  analogous  with  fossils  of 
the  European  Jurassic,  should  doubtless  be  regarded  as  survivals 
from  a  preceding  age.  Such  survivals  are  only  to  be  expected, 
and  these  therefore  do  not  contradict  the  results  arrived  at  by 
Professor  R.  T.  Hill  and  Mr.  F.  H.  Knowlton,  who  have  shown  that 
the  lowest  formation  of  the  Comanche  series  presents  a  Wealden 
fauna  and  flora.  The  data  of  old-world  stratigraphy  seem  to 
show  that  the  Wealden  formation  is  part  of  the  Cretaceous  system, 
or,  more  definitely,  is  the  estuarine  and  arenaceous  extension  of 
lower  Neocomian  sediments  that  are  elsewhere  of  purely  marine 
origin  and  largely  calcareous. 

It  is  a  principle  recognized  by  many  geologists  that  where 
the  conditions  afford  only  palaeontological  data  for  correlation 
and  these  data  show  a  commingling  of  fossils  of  two  successive 
systems,  we  should  not  suppose  that  the  latest  occurrence  of 
fossils  of  the  earlier  system  characterizes  the  highest  rocks  of 
that  system,  but  should  assume  that  the  first  appearance  of  a 
fauna  essentially  characteristic  of  a  later  system,  whether  it  be  accom- 
panied by  survivals  from  an  older  fauna  or  not,  marks  the  beginning 
of  a  new  rock-system  and  age.  By  this  criterion  Professor  C.  S. 
Prosser  of  the  United  States  Geological  Survey  has  recently  drawn 
the  line  separating  the  Permian  system  from  the  Carboniferous  in 
the  Plains  region ;  and  in  accordance  with  the  same  principle, 
if  the  prevalent  European  acceptation  of  the  Cretaceous  system 
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be  adopted  for  America,  the  entire  Comanche  series  belongs  to 
the  Cretaceous. 

No  true  Jurassic  of  marine  origin,  therefore,  has  hitherto 
been  recognized  in  the  southern  part  of  the  United  States.' 

In  1893,  when  studying  the  Cretaceous  fauna  of  Texas,  as 
represented  in  the  museum  of  the  Geological  Survey  of  that 
state,  I  was  led  to  suspect  the  occurrence  of  Jurassic  rocks  in 
the  vicinity  of  Malone,  a  flag-station  of  the  Southern  Pacific 
railway  between  El  Paso  and  Sierra  Blanca  Junction.  The 
evidence  of  such  possible  Jurassic  formation  was  derived  from 
the  study  of  a  small  collection  of  Mesozoic  fossils  that  had  been 
obtained  by  Messrs.  W.  H.  von  Streeruwitzand  Ralph  Wyschetzki, 
according  to  the  field-labels,  **in  hills  about  a  mile  northeast  of 
Malone."  The  collection,  though  small,  revealed  a  fauna  quite 
different  from  any  known  in  the  North  American  Cretaceous, 
and  one  which,  it  was  therefore  surmised,  might  be  pre-Comanche. 
All  of  the  material  that  was  deemed  sufficient  for  study  was 
treated  of  in  the  writer's  "Contribution  to  the  Invertebrate  Palae- 
ontology of  the  Texas  Cretaceous,"  in  the  Fourth  Annual  Report 
of  the  Texas  State  Geological  Survey.  It  included  six  species,  all 
apparently  new  to  science,  which  were  described  under  the 
following  names  :  Aitatiita  tosta,  Cucullaa  tra?ispecosensis,  Cyprina 
{f  Roudairia)  streeruvitzii,  Trigonia  vyschetzkii,  T,  taffi,  and  Venus 
malotieiisis.  These  fossils  threw  little  light  on  the  question  of 
Jurassic  or  Cretaceous  age  of  the  rocks  in  which  they  occurred, 
as  all  of  the  genera  were  known  to  be  common  to  both  of  these 
geological  systems,  and  the  two  species  of  Trigonia  were  regarded 
as  presenting  features  that  allied  them  to  both  certain  Jurassic 
and  certain  Cretaceous  trigonias.  The  problem  was  therefore 
left  unsolved. 

Besides    the  Malone  hills,  the  only  locality  where  any  fossil 

'The  Morrison  Formation  (Cross)  of  Colorado  and  Wyoming  was  traced  along 
the  front  of  the  Rockies  many  years  ago  by  Dr.  F.  V.  Hayden  at  least  as  far  south  as 
Las  Vegas,  and  its  occurrence  at  the  latter  point  has  been  recently  confirmed  by 
Professor  Alpheus  Hyatt.  But  this,  though  it  has  usually  been  called  Jurassic,  is  now 
beginning  to  be  regarded  by  some  as  probably  lower  Cretaceous  (Wealden),  and, 
whatever  its  age,  is  a  fresh-water  formation. 
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purporting  to  belong  to  the  same  fauna  had  been  collected  was 
Bluff  mesa,  upon  which  Mr.  J.  A.  Taff  of  the  Texas  Survey  had 
obtained  part  of  the  type-material  of  Trigonia  taffi,  the  remainder 
being  labeled  as  from  the  Malone  locality.  The  rocks  of  Bluff 
mesa  having  been  referred  by  Mr.  Taff  to  the  **  Washita  division  "' 
(though  the  fossils  he  named  from  them  were  Glen  Rose  species) 
there  was  literary  evidence  that  seemed  to  connect  the  Malone 
fossils  with  the  Comanche  series.  Awaiting  further  light,  they 
were  therefore  left  among  the  fossils  of  that  series.  The 
**  Washita  "  intended  by  Mr.  Taff  included  both  the  true  Washita, 
as  originally  established  by  Dr.  B.  F.  Shumard  under  the  name, 
Washita  limestone,  and  the  Denison  formation  of  Professor  Hill. 
I  did  not,  however,  feel  satisfied  with  this  disposal  of  them, 
and  I  determined  to  reexamine  the  matter  at  the  earliest  oppor- 
tunity. This  came  in  a  journey  made  to  Guaymas,  Mexico,  in 
the  spring  of  1895,  t>y  my  friend,  Mr.  Robert  W.  Goodell,  who, 
at  my  request,  and  assisted  by  his  father,  Mr.  R.  R.  Goodell, 
very  kindly  made  a  side  trip  to  the  Sierra  Blanca  Mountains 
and  the  Malone  hills  to  obtain  further  collections  and  data  from 
those  localities.  From  the  Sierra  Blanca  Mountains,  one  of  the 
localities  of  Comanche  rocks  nearest  to  the  Malone  hills,  the 
Messrs.  Goodell  brought  back  many  species  of  Mesozoic  fossils, 
all  of  them  apparently  from  Comanche  rocks,  most  of  them 
Washita  forms,  and  many  of  them  profusely  abundant,  but 
not  one  of  them  identical  with  fossils  of  the  Malone  hills. 
The  Goodell  collections  from  the  Sierra  Blanca  Mountains  and 
the  Malone  hills  not  only  emphasized  the  distinctness  of  the 
fauna  of  the  latter  locality  from  that  of  the  Comanche  series, 
but  they  also  settled  the  age  of  the  Malone  fauna.  For,  from 
the  Malone  hills  they  included,  besides  three  of  the  species 
collected  there  by  earlier  explorers,  several  other  forms,  all  of 
which  seemed   to  be   new  to  science,'  and   one  of  which  was  a 

'Second  Annual  Report  of  the  Geological  Survey  of  Texas,  pp.  719,  et  seq.,  and 
Plate  XXVII. 

■  Since  this  was  written,  two  of  these  forms  have  been  found  to  be  probably 
identical  with  two  fossils  that  have  been  described  from  the  Jurassic  of  Mexico.  See 
footnote  relating  to  Pleuromya  and  Lucina, 
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Trigonia  of  the  section,  Undulata,  a  type  exclusively  character- 
istic of  Jurassic  rocks.  This  beautifully  ornamented  shell  is  of 
medium  or  smaller  than  medium  size  in  the  genus,  ovate,  strongly 
inflated,  and  has  the  partly  continuous  and  partly  tuberculated 
ribs  abruptly  angulated.  I  have  named  it,  after  Mr.  Robert  W. 
Goodell,  TrigoTiia  goodellii.  Moreover,  a  careful  reexamina- 
tion of  Trigonia  vyschetzkii,  made  possible  by  the  new  material 
in  the  Goodell  collection,  indicated  that  it  belonged  to  the 
Clavellatce  section  of  its  genus,  a  section  chiefly  of  Jurassic  occur- 
rence. As  Trigonia  is,  among  lamellibranchs,  relatively  important 
as  a  means  of  stratigraphic  diagnosis,  and  as  none  of  the  Malone 
fossils  agreed  with  species  known  in  the  lower  Comanche,  the 
evidence  from  the  Goodell  collection  has  led  me  to  refer  the 
Malone  fauna  and  formation  to  the  Jurassic  system. 

The  vicinity  of  Malone  was  visited  but  once  by  the  Messrs. 
Goodell  (March  30,  1895),  ^i"^  then  for  only  part  of  a  day, 
their  journey  thither  having  been  made  from  Sierra  Blanca  by 
wagon. 

I  am  indebted  to  the  kindness  of  Mr.  Robert  W.  Goodell  for  the 
use  of  his  field  notes  on  the  Sierra  Blanca  region,  and  partic- 
ularly for  those  on  the  Malone  hills,  which  include  a  section 
across  the  latter  at  a  point  considerably  west  of  that  at  which 
Mr.  R.  R.  Goodell  collected  the  fossils  and  presenting  different 
but  apparently  related  conditions.  His  Malone  hills  notes  are 
as  follows  : 

A  careful  search  of  the  western  end  of  the  line  of  hills  one  mile  N.  £.  of 
Malone  failed  to  reveal  any  fossils.  The  following  is  a  section  across  the 
western  end  of  this  line  of  hills. 

Bearing  [magnetic]  of  line  from  station  to  beginning  of  section-line, 
N.  70"  E. 

Bearing  [magnetic]  of  section-line,  N.  20'  E.;  one-half  mile  from  station. 
[Malone  station.] 

i)  340  feet  heavily  bedded  limestone  ;  no  fossils;  seams  of  calcite  abun- 
dant;  dip ;  labeled  M. 

2)  30  feet  coarse  gypsum  ;  dip  75°  S.  40'  W.;  labeled  N. 

3)  10  feet  laminated  gypsum ;  dip  75^  S.  40"  to  50*  W.;  labeled  O. 

4)  50  feet  red  grits  interspersed  with  seams  of  gypsum  of  various  widths  ; 
dip  75"  S.  40'  to  50^  W.:  febelcd  P. 
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5)  I  lo  feet  coarse  gypsum,  same  as  N. 

6)  450  feet  heavily  bedded  limestone,  with  many  seams  of  calcite  which 
in  places  are  several  feet  wide.  That  is,  there  are  places  several  feet  wide 
where  there  is  more  calcite  than  limestone.  Dip  hard  to  get,  but  at  one 
place  halfway  across  the  bed  it  was  75''  N.  40'  E.;  labeled  Q. 

General  direction  of  hills  nearly  E.  and  W.  The  water  has  worn  out  a 
little  draw  in  the  gypsum  beds  between  the  limestone. 

Several  hundred  yards  west  of  where  this  section  was  made,  at  the  extreme 
N.  W.  end  of  these  hills,  near  the  R.  R.,  is  an  outcrop  of  soft  sandstone. 
Parties  have  opened  this  up  in  one  or  two  places,  in  search  of  fossils  perhaps, 
but  I  could  find  no  trace  of  any. 

About  a  mile  east  of  where  I  made  this  section,  between  the  last  two  hills 
of  this  series,  R.  R.  Goodell  found  an  outcrop  carrying  fossils ;  a  large  clatr, 
a  Trigonia  with  rough  nodular  ridges,  and  two  other  bivalves.  Outcrop  500 
feet  long,  150  feet  wide;  strike  N.  and  S.;  dip  about  2o*'E. 

Instead  of  four  species  of  bivalves,  however,  the  collection 
which  the  Messrs.  GooHell  brought  back  from  this  locality 
included  seven,  besides  a  fragment  of  an  eighth  and  one  of  an 
ammonite.  The  bivalves  included  Pholadomya  tosta  (which  the 
Goodell  collection  showed  had  been  erroneously  referred  to  the 
genus,  Anatitid)  ;  Trigonia  vyschetzkii ;  the  new  Trigonia  of  the 
Jurassic  section  Undulatce,  T.  goodellii;  a  subcircular,  strongly 
compressed  shell  which  is  either  a  Cyprimeria  or  a  Lucina,  and 
to  which  I  have  given  the  MS.  specific  name  metrica,  from  its 
being  ornamented  with  concentric,  sharply  raised  lines  disposed 
at  ample  and  remarkably  regular  intervals ;  a  plain  or  gently 
and  irregularly  concentric-undulate,  elongate  Pleuromya — P. 
malonettsis  of  my  MS.,'  showing  in  several  examples  the  over- 
lapping of  the  left  hinge-margin  by  the  right,  characteristic  of 
this  genus ;  the  Venus  tnalonensis ;  an  indeterminate  ostreid 
(shown  only  in  section,  imbedded);  and  a  fragment  of  another 
shell,  possibly  a  Trigofiia  of  the  section,  Costata.  The  Pleuromya 
bears  more  or  less  resemblance  to  P.  henseli  Hill,  a  Glen  Rose 
species  which  the  writer  has  collected  at  a  number  of  localities 

>  Since  this  and  the  preceding  species  were  studied,  drawn,  and  named,  I  have 
recovered  a  mislaid  copy  of  Castillo  and  Aguilera's  **  Fuana  Fosil  de  la  Sierra  de 
Catorce  '*  (Boletin  de  la  Comision  Geologica  de  Mexico,  Num.  i),  and  it  seems  to  me 
that  there  can  be  little  doubt  of  their  belonging  respectively  to  the  Pleuromya  incomtans 
and  Lucina  potosina  of  those  authors. 
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in  north-central  Texas  and  which  is  especially  abundant  in 
Hamilton  county  of  that  state.  Specimens  of  both  species,  as 
usually  preserved,  vary  somewhat  in  shape  owing  to  mechanical 
distortion,  and  it  is  difficult  to  determine  their  precise  natural 
form.  Apparently,  however,  the  Malone  species  differs  from 
the  P,  henseli  in  having  its  posterior  portion  less  tapering  and  a 
little  recurved.  The  ammonite  fragment  did  not  show  the 
suture ;  but  the  form  and  ribbing  indicate  a  type  common  in  the 
upper  Jurassic. 

As  shown  by  the  the  rock  adhering  to  fossils  in  the  Goodell 
collection,  the  fossiliferous  strata  of  the  Malone  hills  consist  in 
part  of  hard  yellowish  to  brownish  gray  calcareous  sandstone  or 
arenaceous  limestone.  The  sandy  component  is  largely  the 
debris  of  acidic  eruptive  rocks  of  undetermined  varieties.  But 
it  seems  probable  that  the  massive,  cal'cite-seamed  limestone  and 
the  gypsum  occurring  in  the  more  westerly  part  of  the  same 
hills  and  across  which  Mr.  Robert  W.  Goodell's  section  was 
taken,  are  closely  associated  and  should  be  referred  to  the  same 
formation  with  them  ;  and  if  so  the  similar  gypsums  and  massive 
limestones  of  Malone  Mountain,  described  by  Mr.  Taff  as  the 
Malone  formatiofi  (which  in  several  respects  the  Goodell  section 
duplicates),  is  a  prominent  part  of  that  formation.  For  the 
formation,  therefore,  provisionally  regarded  as  embracing  the 
fossiliferous  sandstones  and  limestones,  the  gypsums,  the  massive 
calcite-seamed  limestones,  and  any  other  rocks  included  among 
these,  of  the  Malone  Mountain  and  the  hills  north  and  east  of 
Malone  Station,  Mr.  Taff's  name  Malone  beds,  or  Malone  for- 
mation is  appropriately  retained.  The  Malone  formation  thus 
assumes  wider  limits,  a  different  age-significance,  and  far  greater 
importance  than  were  assigned  to  it  by  Mr.  Taff.  Yet  to  him 
belongs  the  credit  of  having  published  the  first  section  from  it, 
and  of  having  called  attention  to  the  fact  that  the  Malone  uplift 
is  older  than  other  orographic  features  of  the  Sierra  Blanca  dis- 
trict. 

The  Geological  Map  of  Mexico,  published  by  the  late  Direc- 
tor of  the  Geological  Survey  of  Mexico,  Senor  Castillo,  shows  a 
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limited  area  of  Jurassic  rocks  in  northern  Mexico,  not  far  south- 
west of  Saltillo.  This  is  apparently  the  nearest  known  occur- 
rence of  marine  Jurassic  rocks  to  that  here  announced,  being  dis- 
tant from  Malone  some  500  miles  in  a  southeasterly  direction. 
The  discovery  of  Jurassic  rocks  in  El  Paso  county,  Texas,  there- 
fore, raises  the  interesting  question  whether  other  limited  areas  of 
Jurassic  may  not  yet  be  discovered  in  intermediate  territory. 

This  article  in  major  part,  including  definite  reference  of  the 
fossiliferous  beds  of  the  Malone  hills  to  the  Jurassic  upon  evi- 
dence derived  from  the  Trigonias  of  the  Goodell  collection,  was 
first  written  in  the  latter  part  of  1896.  Its  publication  was  post- 
poned,—  with  some  revision  of  the  manuscript  in  the  meantime, 
—  in  the  hope  that  I  might  soon  visit  the  formation  in  person 
and  secure  more  abundant  data.  This  I  was  unable  to  do  till 
August  last.  Reaching  the  vicinity  on  the  nineteenth  of  the 
month,  I  spent  about  three  weeks  exploring  some  of  the  locali- 
ties accessible  from  Sierra  Blanca  station,  devoting  principal 
attention  to  the  Malone  fauna  and  formation.  The  large  col- 
lection of  fossils  made  from  the  latter,  so  far  as  yet  studied,  con- 
firms the  reference  to  the  Jurassic.  I  at  first  intended  to  incor- 
porate the  results  of  this  trip  with  those  derived  from  the  Texas 
Survey  and  Goodell  collections  and  data  ;  but  it  has  seemed  best 
to  publish  deductions  from  the  earlier  data  without  the  further 
delay  involved  in  the  study  of  this  season's  material,  and  to  pre- 
sent the  results  of  the  latter  study,  when  completed,  in  separate 
articles. 

When  this  article  was  first  written,  I  did  not  have  access  to 
the  first  number  of  the  Boletin  de  la  Comision  Geologica  de 
Mexico,  containing  Castillo  and  Aguilera's  **  Fauna  Fosil  de  la 
Sierra  de  Catorce,  "  my  copy  of  it  having  been  temporarily  lost 
in  the  exigencies  of  a  change  of  residence.  The  missing  docu- 
ment has  since  come  to  light,  and  the  independent  reference 
which  I  have  made  of  the  Malone  fauna  to  the  Jurassic,  is  con- 
firmed by  it,  Pleuromya  inconstans  and  Lucina  potosina  being  appar- 
ently common  to  the  Malone  and  the  Alamitos  ("upper 
Jurassic'*)  formations  (as  elsewhere  indicated  in  footnotes),  and 
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the  ornamentation  of  the  Malone  ammonite  fragment  apparently- 
agreeing  with  that  of  the  Alamitos  form,  Hoplites  bifurcatus. 

In  conclusion,  I  regret  to  have  to  record  the  recent  decease 
of  Mr.  Robert  W.  Goodell,  which  occurred  at  his  home  in 
Houghton,  Michigan,  on  the  23d  of  September  last,  and  in  his 
28th  year.  I  regard  his  early  calling  away,  not  only  as  a  personal 
bereavement,  but  as  a  distinct  loss  to  science  as  well ;  for,  though 
an  invalid,  and  unable  to  bear  the  confinement  involved  in  the 
elaboration  of  his  out  of  door  observations,  he  was  a  young  man 
of  unusual  intellectual  ability  and  promise  and  an  enthusiastic 
and  careful  observer.  He  had  done  considerable  field  work  on 
the  Laramie,  Denver,  and  Fort  Union  formations  in  the  area 
between  Denver  and  Colorado  Springs,  and  on  several  other  mat- 
ters of  Colorado,  Texas  and  Michigan  geology  ;  and,  as  appears 
in  the  present  article,  it  is  to  his  zeal  as  a  scientific  explorer  that 
we  owe  the  trip  to  Malone  which,  aided  by  his  father's  more 
robust  physical  strength,  resulted  in  the  means  for  the  first  satis- 
factory diagnosis  of  the  age  of  the  Malone  hills  fauna;  and 
in  an  important  advance  in  our  knowledge  of  the   distribution 

of  North  American  Jurassic  rocks. 

F.  W.  Cragin. 

Colorado  Sprinc.s,  Col. 
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In  the  northern  fringe  of  the  Kwanto  plain,  the  environs  of 
Tokyo,  there  is  a  series  of  volcanoes,  including  Asama,  Haruna, 
Akaki,  Niko,  and  Nasu,  some  of  which  are  active,  while  the 
others  are  totally  extinct.  One  of  the  oldest  rocks  erupted  from 
these  volcanoes  is  exposed  at  Usui  Pass,  in  the  form  of  propy- 
lite.  The  pass  makes  several  trends  along  the  steep,  rocky 
slope  of  propylite  mountains,  and  the  railway  of  the  Abt  system 
passes  through  the  rock  by  means  of  twenty-six  tunnels.  The 
propylite  directly  overlies  the  Miocene  beds. 

The  propylite  seems  to  have  been  derived  from  augite-ande- 
site  ;  the  normal  variety  has  a  homogeneous  aspect,  looking  like 
a  common  andesite.  The  usual  forms  are  altered.  They  are 
white  or  pale  greenish,  with  scattered  granular  or  sometimes 
cubical  crystals  of  pyrite.  Yellowish  epidote  grains  and  calcite 
crystals  are  also  distinctly  observed. 

Midway  between  the  telegraphic  posts  No.  367  and  No.  368, 
on  the  same  pass,  I  have  seen,  piercing  through  the  above  men- 
tioned propylite,  an  interesting  diorite  dike,  extending  in  an  east 
and  west  direction.  The  eastern  part  of  the  dike  is  coarse-crystal- 
line, while  the  other  end  is  fine-granular  or  somewhat  porphyritic. 

The  diorite,  which  is  manifestly  younger  than  the  Miocene 
beds,  is  a  hypidiomorphic  aggregate  of  plagioclase  and  horn- 
blende, with  quartz,  magnetite,  iron  pyrite,  and  remains  of 
augite,  sometimes  mixed  with  hornblende.  Epidote  and  chlorite, 
besides  secondary  pyrite,  are  also  very  common  as  secondary 
products.  The  plagioclase  is  distinguished  with  the  naked  eye 
as  milky  white  grains,  while  the  hornblende  is  greenish  black, 
with  a  resinous  luster  on  the  newly  cleaved  surfaces.  Iron 
pyrite  and  epidote  grains  are  always  found  on  the  fresh  surface 
of  the  rock,  with  their  characteristic  colors. 

The    plagioclase,    which    is    the    most    important    essential 
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ingredient  in  the  rock,  under  the  microscope  is  somewhat  clear 
and  fresh,  exhibiting  the  extinction  angle  of  labradorite.  The 
albite  type  is  the  most  common  among  twins,  and  the  pericline 
type,  also,  is  frequently  found  in  the  same  individuals.  Zonal 
structure,  with  different  optical  orientation,  is  often  met  with. 
Sometimes  the  core  exhibits  an  eight-sided  section,  while  the 
outline  of  the  whole  crystal  is  nearly  rectangular.  The  crystal 
is  often  partly  idiomorphic  and  partly  allotriomorphic.  It 
usually  contains  glass  enclosures,  which  are  seldom  zonally 
arranged.  Sometimes  immovable  gas  bubbles  are  seen.  The 
presence  of  liquid  enclosures  is  very  uncertain.  The  feldspar  is 
generally  fresh  and  clear.  Decomposition  begins  at  the  cracks, 
where  epidote  grains  are  produced.  In  some  cases  they  entirely 
replace  the  feldspar. 

Next  to  the  feldspar,  the  most  abundant  mineral  is  horn- 
blende, either  fibrous  or  compact,  which  fills  up  the  interspaces 
between  feldspar  crystals.  The  characteristic  cleavage  along 
(no)  is  very  distinct.  The  prevailing  color  is  green,  with  the 
following  pleochroism  :  a  =  greenish  brown,  b  =  brownish  green, 
C  =  green.  The  extinction  angle  is  about  12°,  but  the  decom- 
posing individuals  exhibit  an  undulatory  extinction.  Many  of 
the  hornblende  crystals  are  derived  from  augite.  The  sections  of 
the  latter  are  brownish  in  color,  with  a  greenish  tinge,  compact 
in  texture,  with  their  characteristic  cleavage  and  an  extinction 
angle  of  about  38°.  Sometimes  such  a  compact  augite  is  con- 
verted into  one  with  granular  texture,  each  of  the  grains  retain- 
ing the  optical  property  of  augite.  The  granular  augite  is  con- 
verted into  fibrous  hornblende.  These  fibers  are  generally 
united  in  bundles,  parallel  to  each  other.  The  vertical  and  ortho- 
axes  of  the  primary  augite  and  of  the  secondary  hornblende 
are  nearly  always  in  parallel  position,  sometimes  forming  a 
pseudomorph  of  hornblende  after  augite,  which  is  distinctly 
seen  in  cross  section.  The  green  fibrous  hornblende  is  further 
decomposed  into  epidote  grains  or  chlorite.  Occasionally  all 
these  stages  of  alteration  may  be  seen  in  one  section,  surround- 
ing each  other  in  regular  order. 
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Quartz  which  is  surely  primary  is  totally  allotriomorphic,  and 
fills  up  the  interspaces  between  feldspar  crystals.  It  is  always 
fresh,  contains  glass  enclosures,  and  sometimes  well-shaped 
crystals  of  pyrite. 

Magnetite  is  very  common.  An  opaque  ore,^erhaps  ilmenite, 
undergoes  decomposition  in  such  a  manner  as  to  leave  more 
resisting  lamellae  cutting  each  other  at  60°.  The  pyrite  con- 
tained in  quartz  is  certainly  of  primary  orgin. 

Notwithstanding  the  holocrystalline  structure  of  the  rock, 
there  are,  occasionally,  remnants  of  groundmass,  which  consist 
of  microscopical  grains  of  plagioclase,  hornblende  and  iron  ores. 
In  a  fine  granular,  porphyritic  variety  of  the  diorite,  phenocrysts 
of  feldspar  are  scattered  in  the  aggregate  of  smaller  lath-shaped 
feldspar  individuals,  which  corresponds  to  the  groundmass  of  the 
neovolcanic  rocks.  The  above  mentioned  facts  seem  to  show 
that  the  diorite  is  not  a  normal  plutonic  rock,  but  most  probably 
a  sheet  or  dike,  which  has  solidified  in  the  region  of  slight 
pressure. 

Contact  metamorphistn, —  In  the  neighborhood  of  the  diorite, 
the  propylite  is  so  highly  decomposed  that  traces  of  the  contact 
metamorphism  cannot  be  recognized.  Although  the  Tertiary 
beds  are  never  found  in  contact  with  the  diorite  dike,  a  Tertiary 
shale  found  about  330  feet  to  the  north  of  the  diorite  is  har- 
dened like  a  hornstone  and  contains  iron  pyrite,  which  is  not 
usual  with  the  unaltered  shale  of  the  region.  This  change  of 
shale  seems  to  be  due  not  to  the  action  of  the  propylite  lying 
between  the  diorite  dike  and  the  shale  but  to  the  diorite  itself, 
which,  in  fact,  has  been  taken  out  from  a  railway  tunnel  exca- 
vated close  to  the  exposure  of  the  shale.  It  seems  probable 
that  similar  diorite  dikes  run  through  the  Tertiary  beds  every- 
where beneath  the  surface,  because  we  frequently  find  hardened 
shale  with  a  contact  mineral,  whose  exact  nature  has  not  yet 
been  ascertained. 

Steizner '  describes  a  quartz-bearing  mica-diorite  of  Argen- 
tine under  the  name  of   **  Andendiorit "  as  a  neovolcanic  dike 

'Stelzner,  Geologie  u.  Palseontologie  von  Argentina,  p.  213. 
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rock  in  the  following  words  :  **U.  d.  M.  beobachtete  man  sehr 
deutlich  Plagioklas,  Quarz  und  braunen  Glimmer ;  daneben 
scheinen  auch  noch  kleinen  Menze  von  Orthoklas  und  Horn- 
blende vorhanden  zu  sein.  Der  Plagioklas  ist  sehr  {risch,wasser- 
hell,  hier  und  da  etwas  rissig  ;  er  hat  oft  zonalen  Bau  beherbergt, 
wieder  die  oben  bereits  mehrfach  beschriebenen  Glasseinschlusse 
von  der  Form  negativer  Krystalchen  mit  anhaftenden  opaken 
Kornchen,  ferncr  einzelne  Flussigkeitseinschliisse,  Dampfporen 
und  farblose,  sowie  blassgriine  Mikrolithen Die  Horn- 
blende tritt  uns  vereinzelt  auf,  und  ist  bereits  durchgangig  stark 
zersetzt  und  zerfasert." 

The  diorite  at  Usui  Pass  is  also  a  Tertiary  eruptive,  and  closely 
resembles  Stelzner  s  andendiorite  in  the  microscopical  properties 
of  the  plagioclase,  especially  in  the  zonal  structure  and  the  glass 
enclosures  with  attached  opaque  granules,  which  are  nearly  always 
absent  from  the  true  plutonic  diorite. 

C.  IWASAKI. 
Kyoto,  Japan. 


STUDIES  IN  THE  DRIFTLESS  REGION  OF 

WISCONSIN.* 

The  superficial  deposits  of  this  region,  aside  from  the  interest 
which  would  naturally  attach  to  any  such  deposit,  possess  a 
certain  special  interest  due  to  the  relation  the  region  holds  to 
the  adjoining  glaciated  territory,  and  the  presumption  that  they 
might  furnish  a  record  of  certain  subsidiary  facts  which  from 
the  nature  of  the  case  the  glaciated  region  itself  could  not  furnish. 
The  field  as  a  whole  is  a  most  inviting  one  for  study,  present- 
ing as  it  does  considerable  variety.  But  the  purpose  of  this 
article  is  more  especially  to  describe  a  particular  deposit  as  seen 
in  the  vicinity  of  Trempealeau  on  the  Mississippi  River.  As 
some  knowledge  of  associated  beds  is  necessary  to  a  full 
understanding,  I  will  briefly  describe  them  in  order  beginning 
with: 

The  loess, —  From  the  upper  limits  reached  by  the  Champlain 
floods,  all  the  smaller  valleys,  the  lower  hills,  and,  in  a  less  degree, 
the  higher  hills  are  covered  by  a  bed  of  clay,  the  average  thick- 
ness of  which  may  be  between  twenty  and  thirty  feet,  but  it 

'  Early  in  1894  Mr.  G.  H.  Squier  brought  to  the  attention  of  the  senior  editor  of 
this  Journal  some  observations  which  he  had  made  on  ridges  of  coarse  gravel  and 
bowlders  in  the  vicinity  of  Tomah,  Wis.,  which  lies  in  the  heart  of  the  driftless  area. 
It  was  his  opinion  that  the  formations  constituted  evidence  of  local  glaciation. 
The  debris  was  described  as  made  up  of  chert  and  sandstone  too  coarse  to  be 
easily  accounted  for,  in  his  opinion,  by  floods.  It  formed  ridges  on  the  slopes  or 
side-plains  of  the  valley  and  neither  had  the  form  of  definite  terraces  nor  of  axial 
valley  drift.  No  glacial  striation  either  of  the  trans|>orted  rock  or  of  the  rock  in  situ 
were  observed,  nor  were  glacial  contours  recognized  in  the  configuration  of  the  valley, 
nor  distinctively  in  the  ridges  of  debris.  These  deficiencies  of  evidence  seemed  less 
important  however  than  the  apparent  absence  of  limestone  debris.  The  deposit  in 
question  seemed  to  be  made  up  wholly  of  sandstone,  chert,  and  other  residuary 
material.  As  limestone  lay  on  the  summit  and  formed  the  protecting  crown  of  the 
highlands  in  which  the  valleys  head,  and  as  its  habit  of  Dutcrop  is  such  that  it  could 
readily  yield  massive  blocks  to  glaciers  occupying  the  heads  of  these  valleys,  and 
further,  as  limestone  is  habitually  present  in  morainic  debris  formed  in  such  situations. 
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varies  greatly.  Two  measurements  obtained  not  over  ten  rods 
apart,  one  on  the  crest  of  a  hill,  the  other  on  its  west  slope,  gave 
seventeen  and  thirty -two  feet,  respectively,  with  indications  that 
at  some  intermediate  point  it  may  reach  fifty  feet.  It  is  almost 
wholly  free  from  stones  and  very  homogeneous  in  texture, 
though  the  deeper  parts  are  somewhat  lighter  in  color  and  more 
friable,  the  result  apparently  of  a  large  admixture  of  sand.  Save 
in  the  valleys,  it  usually  overlies  the  residual  material  derived 
from  the  disintegration  of  the  underlying  rocks,  or  near  the  foot 
of  the  hills,  the  talus,  which  being  often  nearly  pure  sand  well 
shows  the  abruptness  of  the  transition.  In  rare  cases  it  rests 
directly  on  the  rock. 

while  it  is  habitually  absent  from  accumulations  formed  by  weathering  and  by  proc* 
esses  sequent  upon  weathering,  the  balance  of  evidence  seemed  to  me  adverse  to  the 
glacial  hypothesis.  Al  any  rate,  it  seemed  best  to  urge  more  prolonged  and  critical 
study  before  publication. 

In  February  1895  Mr.  Squier  presented  similar  data  more  fully  worked  out 
with  reference  to  ridges  of  bowldery  material  accumulated  about  Trempealeau 
bluff  on  the  Mississippi,  in  the  northern  part  of  the  driftless  area.  The  absence 
of  limestone  cannot  be  urged  here  with  the  same  force  as  at  Tomah,  since  it  occurs 
in  at  least  one  locality.  The  absence  of  glacial  scratches  on  the  transported  rocks 
as  well  as  the  valley  sides,  and  the  lack  of  specific  morainic  contours  leave  much 
to  be  desired  here  as  at  Tomah,  but  these  deficiencies  are  not  necessarily  fatal 
to  the  glacial  hypothesis.  The  conception  of  Mr.  Squier,  that  the  glaciers  were 
formed  by  snowdrifts  lodged  in  the  valleys,  and  not  by  summit  accumulations,  is 
doubtless  the  true  one  if  the  glacial  interpretation  be  true  at  all.  Examples  of  such 
snowdrift  valley  glaciers  occur  in  the  extra-glacial  belt  in  Greenland,  and  might 
reasonably  enough  be  supposed  to  have  occurred  in  the  driftless  area.  But  if  these 
deposits  are  really  due  to  local  wind-drift  glaciers  decisive  evidence  of  the  fact  should 
be  forthcoming  on  a  sufficiently  prolonged  and  critical  search.  A  coarse  massive 
mixture  of  residuary  material,  however  difficult  of  satisfactory  explanation  by  other 
agencies,  cannot  safely  be  taken  as  in  itself  proof  of  glacial  origin.  It  must  be 
remembered  that  as  a  result  of  the  excessive  superficial  thawing  and  freezing  incident 
to  glacier-border  conditions,  the  facilities  for  landslides,  bodily  creeps,  and  similar 
modes  of  movement  reached  an  extraordinar}'  degree  of  development.  I  have  seen 
in  Montana  a  modem  landslide  that  imitated  a  glacier  almost  perfectly  in  the  deploy- 
ment of  its  material.  In  Yellowstone  Park,  Mr.  Hague  showed  me  several  years  ago 
an  almost  perfect  imitation  of  glacial  deployment  assumed  by  a  talus  mass  of  angular 
blocks  of  igneous  rock.  When  such  formations  consist  of  mixtures  of  earthy  and 
rocky  material,  their  positive  differentiation  from  glacial  deposits  may  not  be  always 
successfully  attained.  So  long  as  the  constituent  material  is  essentially  residuary 
in  origin,  and  there  is  an  absence  of   any  notable  quantity  of   unweathered  rock 
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Stratified  beds. —  In  the  valleys  up  to  about  one  hundred  feet 
above  the  river,  the  loess  usually  overlies  stratified  beds.  The 
upper  surface  of  the  main  body  of  the  beds  is  not  as  high  as  given, 
but  beds  of  similar  character,  of  no  great  thickness,  persist  for 
a  short  but  indefinite  distance  up  the  hillside.  The  thickest 
section  I  have  seen  shows  about  fifteen  feet  without  exposing  the 
base.  In  composition,  sand  forms  by  far  the  most  abundant 
element,  especially  in  the  thickest  places.  Clay  is  present  how- 
ever, in  some  places  interstratified  with  sand,  and  stones  not 
exceeding  a  few  pounds  weight  are  plentifully  included,  all  of 
local  origin.     The  transition  to  the  overlying  loess  is  abrupt. 

Peculiar  stratum. —  In  one  valley  there  is  exposed  a  bed  which, 
though  of  small  size  (four  feet  thick,  and  but  a  few  rods  in  extent), 
possesses  considerable  interest  from  the  fact  that  it  contains  peb- 
bles of  extra-local  origin  (granite,  etc.).  It  intervenes  between 
the  stratified  beds  and  the  loess  and  is  sharply  distinguished  from 
both.  It  is  entirely  unstratified,  but  presents  a  somewhat  mot- 
tled appearance  due  to  the  imperfect  mingling  of  the  component 
elements,  sand,  clay,  etc.  It  also  contains  stones  of  local  origin 
not  exceeding  a  few  pounds  weight.  Its  position  both  strati- 
graphically  and  topographically  is  such  that  it  cannot  be  referred 

wrested  from  its  place  as  glaciers  are  accustomed  to  wrest  a  portion  of  their  burden 
the  suspicion  of  an  origin  by  creep  or  slide  or  wash,  or  at  least  of  some  origin  other 
than  glacial,  is  invited. 

But  in  view  of  the  recent  article  by  Mr.  Frederick  W.  Sardeson  in  the  December 
number  of  the  American  Geologist^  in  which  the  occurrence  of  glaciation  in  the  drift- 
less  area  is  confidently  announced  on  the  basis  of  much  more  limited  studies  than 
those  of  Mr.  Squier,  and  upon  formations  much  more  open  to  doubt  than  those  near 
Tomah  and  Trempealeau,  since  they  are  described  as  wholly  composed  of  sandstone, 
chert  and  earthy  matter  all  referable  to  the  residuary  class,  while  the  crowns  of  the 
ridges  which  closely  overlook  the  valley  on  both  sides  are  limestone,  it  is  obvious  that 
it  might  be  unjust  to  Mr.  Squier  to  urge  longer  search  for  the  desired  critical  data 
before  publication.  It  is  even  possible  that  this  urgency  in  the  past  and  the  delay  in 
the  publication  of  his  observations  may  not  be  free  from  the  appearance  of  injustice. 
But  fortunately  the  good  judgment  of  geologists  does  not,  in  the  better  habit  of  today, 
rest  much  upon  technical  priority,  but  almost  wholly  upon  the  care  and  the  complete- 
ness of  the  investigation.  It  has  seemed  only  fair  to  Mr.  Squier,  however,  to  state 
thus  fully  the  extent  of  his  studies  and  the  occasion  of  the  delay  in  their  published 

appearance. 

T.  C.  Chamberlin. 
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to  the  time  of  the  river  gravels,  but  must  be  assigned  to  some 
earlier  period. 

Unstratified  beds, —  Overlaid  by  the  stratified  beds  where  they 
occur,  otherwise  by  the  loess,  are  certain  deposits,  which  more 
especially  form  the  subject  of  this  article.  They  are  confined  to 
the  valleys,  where  they  have  a  much  greater  range  than  the  strat- 
ified beds,  reaching  from  two  hundred  feet  or  more  above 
present  river  level  to  an  unknown  depth  below.  They  consist 
characteristically  of  an  aggregation  of  stones  large  and  small 
together  with  the  finer  material  forming  the  matrix.  Although 
there  is  a  considerable  range  of  variation  in  the  abundance  and 
average  size  of  the  stones,  in  the  relative  abundance  of  the  differ- 
ent kinds,  and  in  the  composition  of  the  matrix,  the  general  facies 
remains  very  constant.  All  the  material  so  far  as  discovered  is 
of  local  origin.  Owing  to  a  variety  of  circumstances  it  is  diffi- 
cult to  give  the  thickness  with  anything  like  accuracy. 

Details  of  structure  will  be  best  shown  in  the  course  of  a 
description  of  the  various  exposures.  The  beds  are  for  the  most 
part  entirely  concealed  from  observation  by  the  overlying  depos- 
its. It  is  only  in  the  vicinity  of  the  river  where  the  latter  have 
been  wholly  or  partly  removed,  or  where  a  deep  ravine  has  pene- 
trated to  them  that  they  can  be  studied. 

Descriptive  details, — The  most  extensive  exposures  occur  about 
a  mile  and  a  half  west  of  Trempealeau  village.  A  sketch  map 
of  the  locality  is  given  in  Fig.  i.  At  this  point  two  old  valleys 
converge  so  that  they  partly  unite  along  the  river  front.  The 
lower  parts  of  these  valleys  (shown  in  outline  on  the  map)  have 
been  filled  up  so  that  the  drainage  has  been  deflected,  resulting  in 
the  formation  of  new  gorges  through  the  rock.  Wherever  these 
fillings  are  open  to  observation  they  are  seen  to  consist  of  unstrat- 
ified beds  having  the  general  characteristics  above  described. 
In  the  east  valley  loess  occurs  down  to  the  bottom  of  the  ravine 
above  the  filling,  many  feet  below  its  crest. 

The  west  valley  offers  rather  the  most  favorable  conditions 
for  observation  and  section  2,  Fig.  2,  is  taken  along  its  axis.  The 
filling  takes  the  form  of  a  well   marked   ridge  extending  across 
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the  old  valley.  It  is  considerably  broader  and  higher  at  the  east 
end.  At  the  west  end  it  has  been  considerably  encroached  upon 
by  the  torrent  course.     At  this  end  where  it    abuts   against  the 


Fig.  I. — Sketch  of  map  oF  vicinity  of  Trempealeai 
lines  of  valleys  in  broken  lines,  it'g,  Rockfi'irge  of  wesi 
valley ;  a.  Foint  comjiosed  of  large  rock  mosses  ;  b,  Tra: 
valley;  rf.  Outlying  low  knob  ;  jj.  Sandstone  plateau!  ; 


,  Wis.,  described  in  text.  Out- 
valley ;  tz,  Kock  gorge  of  east 
Evesre  ridge  1  (,  Killing  of  CMt 
n>j-.  yt.  Lines  of  sections. 


side  of  the  valley,  it  meets  a  projecting  spur  from  the  hills,  and 
through  this  spur  the  upper  end  of  the  rock  gorge  passes.  Sur- 
face indications  show  that  material  similar  to  the  ridge  extends 
down  the  east  side  of  the  valley  as  far  at  least  as  the  low  knob  d. 
Fig.  I ,  but  its  center  along  the  line  of  section  is  occupied  by  nearly 
pure  sand.     On  the  west  side  gullies  show  that  a  bowlder  bed 
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probably  exists  a  few  feet  below  the  surface.  Above  the  ridge 
loess  begins  and  covers  all  the  upper  part  of  the  valley.  It  is 
seen  in  the  bottom  of  the  ravine  as  it  skirts  the  ridge,  some  twenty 
feet  below  its  crest. 

From  the  knob  d  a  concealed  ridge  extends  toward  the  river 
terminating  in  the  prominent  point  a.  The  front  of  the  point  is 
lined  with  very  large  masses  of  rock  reaching  up  to  six  or  seven 
tons  in  weight.  Excavations  show  that  the  entire  ridge  is  com- 
posed of  like  material.  The  largest  masses  are  usually  sandstone. 
Chert  is  abundant  and  all  the  local  rocks  are  represented.  Sand 
covers  the  ridge  to  a  depth  of  two  to  three  feet  and  fills  the 
valleys  on  either  side  to  an  unknown  depth.  The  general  direc- 
tion of  the  ridge  is  shown  by  occasional  protruding  bowlders. 
As  shown  on  the  map,  this  ridge  extends  almost  entirely  across 
the  course  of  the  east  valley.  Yet  its  direction  and  other  cir- 
cumstances seem  to  indicate  that  it  belongs  structurally  to  both 
valleys. 

About  half  a  mile  east  of  the  two  valleys  just  described 
occurs  another,  the  largest  in  the  Trempealeau  bluffs.  (It  is 
the  one  in  which  the  bed  containing  pebbles  of  extra  local  origin 
occurs.)  At  its  mouth,  on  the  east  side,  a  bowlder  bed  is 
superimposed  on  the  edge  of  a  sandstone  plateau  (sec.  3,  Fig.  2). 
In  the  size  and  character  of  the  material,  in  structure,  etc., 
it  is  a  fairly  representative  example,  although  not  as  thick  as 
most.  No  similar  deposit  is  to  be  seen  on  the  other  side, 
although  I  should  expect  to  find  one  under  the  sand.  In  the 
upper  parts  of  this  valley  some  interesting  sections  are  furnished 
by  washouts ;  owing,  however,  to  their  incompleteness  they,  for 
the  most  part,  leave  one  in  doubt  as  to  the  true  nature  of  the 
structure  displayed. 

In  one  place  the  point  of  a  hill  has  been  washed  away,  show- 
ing that  at  that  point  the  hill  consists  of  a  bowlder  bed  of  char- 
acteristic type,  the  material  being  piled  nearly  as  steeply  as  it 
will  lie.  The  top  and  sides  are  covered  with  loess.  The  entire 
junction  is  visible,  showing  that  the  transition  is  as  abrupt  as 
possible   (sec.   4).     It   cannot  be  seen  whether  it  is  part  of  a 
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ridge  stretching  across  the  valley  or  not.  Less  than  a  quarter 
of  a  mile  east  of  this  valley  is  anothc-  small  one  descending 
from  the  west  side  of  the  principal  bluff.     It  first  leaves  the 
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Fig.  2. —  Section  near  Trempealeau,  Wis.     Scale  about   240^^  to  an  inch,  except 
in  Sec.  7,  which  is  about  65^^  to  an  inch.     Datum,  river  level,  except  in  Sec.  7. 

confinement  of  the  hills  on  the  west  side,  at  the  same  time 
changing  from  a  nearly  westerly  to  a  southerly  direction.  Along 
this  west  side  a  large  ridge  of  heavy  bowlders  is  superimposed 
on  a  sandstone  table.     As  the  sandstone  table  falls  away  toward 
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the  river  the  ridge  also  descends  until  it  becomes  merged  with  a 
bowlder  bed  which  spreads  out  laterally  to  a  moderate  extent. 
Along  the  river  front,  this  is  cut  into  by  the  railroad  excavation. 
The  deposits  are  characterized  throughout  by  the  large  average 
size  of  the  material  (equaling  in  this  respect  the  ridge  a^  sec.  i) 
and  by  the  abundance  of  limestone  which  forms  masses  at  least 
as  large  as  any.  A  smaller  bowlder  ridge  can  be  seen  on  the 
east  side  after  it  leaves  the  hills. 

Section  5  is  made  where  the  valley  is  still  confined  by  the 
hill  on  the  east. 

Another  valley,  about  the  size  and  character  of  the  last, 
descends  from  the  eastern  side  of  the  same  bluff  and  debouches 
into  the  center  of  Trempealeau  village.  In  this  case,  also,  a 
ridge  extends  across  a  sandstone  table  on  one  side,  from  the 
point  where  the  valley  leaves  the  hills.  On  the  other  side  the 
valley  skirts  the  foot  of  one  of  the  main  bluffs  where  the  slope 
is  gentle  and  the  sides  thickly  covered  with  loess.  A  deep 
excavation  has  been  made  into  this  hillside  for  street  construc- 
tion. It  shows  the  bowlder  bed  extending  under  the  loess  for 
a  short  distance,  then  suddenly  rising  into  a  ridge  and  as  sud- 
denly falling  off.  There  appears  to  be  a  transverse  ridge  about 
where  the  line  of  section  (sec.  6)  runs,  but  it  is  not  well  defined. 
It  is  a  difficult  section  to  show. 

In  this  valley  the  torrent  course,  after  cutting  through  from 
forty  to  fifty  feet  of  loess,  has  cut  in  places  fifteen  or  twenty 
feet  into  the  bowlder  beds,  thus  giving  opportunity  for  the  study 
of  the  internal  structure  not  elsewhere  obtained.  As,  however, 
the  section  is  not  fresh  it  is  only  by  much  labor  that  it  can  be 
made  available.  It  shows  the  bowlder  beds  alternating  with 
beds  of  clay  similar  in  appearance  to  the  loess.  Near  the  lower 
end  of  the  ravine  two  bowlder  beds  occur  above  the  bottom  of 
the  ravine  and  a  hole  seven  feet  deep  in  the  bottom  of  the  ravine 
struck  the  top  of  a  third. 

The  thickness  of  a  single  bed  ranges  from  about  six  to  ten 
feet,  varying  considerably  at  different  points.  Roughly  speak- 
ing the  clay  partings  have  about  the  same  thickness  as  the  bowl- 
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der  beds.  The  general  slope  of  the  beds  is  only  about  one- 
third  that  of  the  ravine,  so  that  they  soon  disappear  from  view, 
but  further  up  the  ravine  and  about  thirty  feet  above  the  calcu- 
lated horizon  of  the  highest  of  the  lower  beds  another  one 
occurs  about  four  feet  thick,  the  parting  being  all  clay.  There 
appears  to  be  another  bed  still  further  up. 

In  all  the  sections  examined  the  extreme  abruptness  of  the 
transition  is  noteworthy,  the  clay  up  to  the  very  line  of  junction 
being  absolutely  free  from  stones. 

Owing  to  the  great  labor  of  obtaining  sections,  and  their 
small  extent  when  obtained,  it  is  impossible  to  answer  many 
important  questions  regarding  the  form,  extent,  and  relations  of 
the  beds. 

Section  7  is  fairly  representative  of  the  aspect  of  the  beds  in 
siections  parallel  to  the  valley.  The  relations  shown  at /were 
worked  out  carefully,  and  are  of  considerable  interest.  The 
upper  bed,  which  terminates  rather  abruptly  at  that  point,  has  a 
matrix  composed  mainly  of  sand,  while  in  the  lower  bed  the 
matrix  is  a  compact  clay.  The  transition  from  one  to  the  other 
is  quite  abrupt. 

Causes, — Although  I  should  not  like  to  express  a  final  opin- 
ion as  yet,  I  will,  nevertheless,  say  that  so  far  as  the  facts  are 
known  they  seem  to  very  strongly  indicate  one  agent,  while 
ec|ually  excluding  others. 

The  agents  capable  of  transporting  material  of  the  weight 
above  described  are  few.  Some  of  these  may  be  dismissed 
with  few  words.  Simple  gravity,  such  as  forms  the  talus  of 
the  hills,  is  excluded,  since  all  the  typical  examples  lie  far 
outside  its  range  of  action.  Wave  action  is  also  excluded. 
Neither  can  shore-ice  offer  any  adequate  explanation,  although 
it  can  scarcely  be  doubted  that  it  existed,  and  certain  widely 
scattered  bowlders,  as  well  as  certain  sharply  defined  small 
pockets  of  local  pebbles  occasionally  found  embedded  in  the 
loess,  may,  with  great  probability,  be  assigned  to  this  agent. 
Practically  there  are  but  two  agents  which  need  be  considered. 
The  one  is  torrential,  the   other,  glacial  action,  in  either    case 
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operating  during  a  period  of  subsidence,  more  or  less  inter- 
rupted by  periods  of  partial  reelevation. 

Torrential  actio7i.  —  Considered  in  the  light  of  inherent  proba- 
bility, as  well  as  in  certain  general  aspects,  this  agent  is  doubt- 
less the  one  we  should  select.  The  formations  are  strictly 
valley  deposits.  Torrents  necessarily  existed  and  must  have 
produced  characteristic  deposits,  and  some  of  the  beds  at  least 
might  have  been  so  formed.  When,  however,  we  take  account 
of  specific  characteristics  we  find  very  grave  difficulties,  such  as 
the  transverse  ridges.  To  account  for  these  at  all  by  torrential 
action  it  is  necessary  to  regard  them  as  ridges  of  erosion,  the 
remains  of  a  formation  once  occupying  the  entire  upper  part  of 
the  valley.  The  sequence  of  events  which  would  thus  be  indi- 
cated is  something  as  follows:  (i)  Subsidence,  unstratified 
deposits;  (2)  Elevation,  erosion ;  (3)  Subsidence,  stratified 
beds  and  loess,  but  no  unstratified  beds;  (4)  Reelevation, 
erosion. 

A  study  of  local  conditions  furnishes  several  reasons  why 
such  a  sequence  of  events  must  be  regarded  as  violent  and 
improbable.  I  will  mention  but  one  which  alone  seems  to  me 
to  be  fatal  to  it.  As  already  stated,  in  the  west  valley  above 
the  ridge : 

a.  The  loess  covers  everything  high  and  low,  even  to  the 
bottom  of  recent  gullies,  within  a  couple  of  rods  of  the  upper 
end  of  the  gorge,  and  a  foot  or  two  higher  than  its  rock  floor. 
Unless,  therefore,  we  suppose  that  the  gorge  has  received  no 
appreciable  deepening  since  the  last  elevation  we  must  suppose 
that  the  early  erosion  extended  deeper  above  the  gorge  than  in 
the  gorge  itself.  (How  much  deeper  the  loess  extends,  I  do 
not  know.) 

b.  The  lateral  ridges.  —  Not  to  occupy  too  much  space  I  will 
refer  to  but  one,  the  ridge  marked  a  on  the  map.  Assuming  the 
two  valleys  to  have  been  filled  to  the  height  of  the  ridge  we 
should  have  to  account  for  the  removal  of  a  very  large  amount 
of  material,  exceeding  in  the  west  valley  the  amount  removed 
from  its  own  gorge,  yet  its  drainage  area  as  compared  with  that 
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of  the  gorge  is  only  as  about  I  to  100.  It  would,  morever,  be 
necessary  to  account  for  the  removal  of  material  to  a  point  con- 
siderably below  present  river  level,  which  could  only  have  been 
possible  during  a  period  of  greater  elevation,  of  which  the  gorge 
gives  no  indication. 

c.  There  is  excellent  reason  for  believing  that  no  torrents 
could  have  existed  in  these  valleys  capable  of  transporting  the 
heavy  bowlders  found  in  the  deposits.  Of  course  I  do  not  deny 
that  torrents  of  sufficient  power  exist.  I  simply  assert  that  in 
this  as  in  all  cases  the  question  must  be  decided  on  the  basis  of 
local  conditions.  During  the  years  that  I  have  been  familiar 
with  the  locality  there  have  occurred  several  very  heavy  rains, 
and  one  of  terrible  severity,  but  never  have  I  seen  material 
transported  reaching  even  the  hundredth  part  of  the  weight  of 
masses  occurring  in  the  deposits  in  question. 

Moreover,  a  degree  of  subsidence  sufficient  to  have  allowed 
these  deposits  by  such  agency  would  have  brought  the  valleys 
into  the  condition  of  broad  flats  with  gentle  slopes  in  which 
powerful  torrential  action  would  have  been  out  of  the  question. 
We  have  also  in  the  stratified  beds,  deposits  formed  under  the 
conditions  assumed,  and  having  the  characteristics  we  should 
expect. 

Local  glaciers.  —  That  these,  if  we  can  suppose  them  to  have 
existed,  could  have  produced  the  specific  effects  above  described, 
will  not,  I  think,  be  questioned.  I  will,  therefore,  confine  fur- 
ther remarks  to  facts  having  a  negative  bearing.  Some  of  these 
have  been  anticipated  in  speaking  of  those  favoring  torrential 
agency.  A  further  fact  is  that  no  undoubted  case  of  glacial 
polishing  or  striation  has  yet  been  found,  either  on  transported 
material  or  on  the  valley  walls.  The  force  of  the  objection  is, 
however,  practically  destroyed  by  the  fact  that  so  far  I  have 
found  only  three  exposures  of  rock  so  situated  as  to  have  fallen 
within  the  range  of  glacier  action,  while  the  transported  mate- 
rial in  sight,  has  been  carried  but  a  short  distance  and  the 
greater  share  of  that  over  beds  of  earlier  deposit. 

A  more   serious  objection   might  he  based  on   the  general 
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insufficiency  of  the  conditions  for  the  production  of  glaciers. 
The  present  maximum  height  of  Trempealeau  bluff  is  but  548 
feet  above  the  river.  It  was,  of  course,  less  at  that  time  in  propor- 
tion to  the  amount  of  submergence. 

But  even  were  the  elevation  sufficient  to  allow  of  the  forma- 
tions of  snow  fields  on  the  hilltops,  and  not  elsewhere,  still  as 
most  of  the  hills  are  little  more  than  sharp  ridges  it  would  be 
quite  impossible  that  the  snow  fields  should  have  possessed 
volume  sufficient  to  originate  glaciers. 

My  own  opinion  is  that  under  the  influence  of  the  wind  the 
valleys  themselves  received  a  much  larger  annual  accumulation 
of  snow  than  would  fall  on  the  level,  which,  should  it  exceed  in 
amount  that  which  could  be  melted  during  the  summer,  would 
in  time  fill  the  valleys. 

This  suggests  the  further  question  whether  were  the  valleys 
so  filled  there  would  be  sufficient  weight  in  the  mass  to  give  rise 
to  glacial  motion.  A  partial  answer  seems  to  be  found  in  the 
small  glaciers  separated  by  Mt.  Muir  from  the  Sierra  Nevada 
near  the  Yosemite  Valley,  which  **have  the  structure  and  motion 
of  true  glaciers,  but  the  largest  is  not  more  than  a  mile  in  length, 
and  they  vary  in  width  from  half  a  mile  to  a  few  feet."  Some 
of  those  are  therefore  certainly  smaller  than  the  smallest  indi- 
cated in  this  vicinity.     Further  information  along  this  line  would, 

however,  be  very  desirable. 

G.  H.  Squier. 
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Studies  for  Students. 


THE  METHOD  OF  MULTIPLE  WORKING 

HYPOTHESES/ 

There  arc  two  fundamental  modes  of  study.  The  one  is  an 
attempt  to  follow  by  close  imitation  the  j)rocesses  of  previous 
thinkers  and  to  acquire  the  results  of  their  investigations  by 
memorizing.  It  is  study  of  a  merely  secondary,  imitative,  or 
acquisitive  nature.  In  the  other  mode  the  effort  is  to  think 
independently,  or  at  lea.st  individually.  It  is  primary  or  crea- 
tive studv.  The  endeavor  is  to  discover  new  truth  or  to  make  a 
new  combination  of  truth  or  at  least  to  develop  by  one's  own 
effort  an  individualized  assemblage  of  truth.  The  endeavor  is 
to  think  for  one's  self,  whether  the  thinking  lies  wholly  in  the 
fields  of  previous  thought  or  not.  It  is  not  necessary  to  this 
mode  of  study  that  the  subject-matter  should  be  new.  Old 
material  may  be  reworked.  But  it  is  essential  that  the  process 
of  thought  and  its  results  be  individual  and  independent,  not  the 
mere  following  of  previous  lines  of  thought  ending  in  predeter- 
mined results.  The  demonstration  of  a  problem  in  Euclid  pre- 
cisely as  laid  down  is  an  illustration  of  the  former;  the  demon- 
stration of  the  same  proposition  by  a  method  of  one's  own  or  in 
a  manner  distinctively  individual  is  an  illustration  of  the  latter, 
both  lying  entirely  within  the  realm  of  the  known  and  old. 

Creative  study  however  finds  its  largest  application  in  those 
subjects  in  which,  while  much  is  known,  more  remains  to  be 
learned.     The  geological  field  is  preeminently  full  of  such  sub- 

*  A  pa{K:r  on  this  subject  was  read  before  the  Society  of  Western  Naturalists  in 
I S92,  and  was  published  in  a  scientific  periodical.  In<iuiries  for  the  article  have  recently 
been  such  as  to  lead  to  the  belief  that  a  revision  and  republication  are  desirable.  The 
article  has  been  freely  altered  and  abbreviate<i  so  as  to  limit  it  to  aspects  related  to 
geological  studv. 
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jects,  indeed  it  presents  few  of  any  other  class.  There  is  prob- 
ably no  field  of  thought  which  is  not  sufficiently  rich  in  such 
subjects  to  give  full  play  to  investigative  modes  of  study. 

Three  phases  of  mental  procedure  have  been  prominent  in 
the  history  of  intellectual  evolution  thus  far.  What  additional 
phases  may  be  in  store  for  us  in  the  evolutions  of  the  future  it 
may  not  be  prudent  to  attempt  to  forecast.  These  three  phases 
may  be  styled  the  method  of  the  ruling  theory,  the  method  of 
the  working  hypothesis,  and  the  method  of  multiple  working 
hypotheses. 

In  the  earlier  days  of  intellectual  development  the  sphere  of 
knowledge  was  limited  and  could  be  brought  much  more  nearly 
than  now  within  the  compass  of  a  single  individual.  As  a  natural 
result  those  who  then  assumed  to  be  wise  men,  or  aspired  to  be 
thought  so,  felt  the  need  of  knowing,  or  at  least  seeming  to 
know,  all  that  was  known,  as  a  justification  of  their  claims.  So 
also  as  a  natural  counterpart  there  grew  up  an  expectancy  on 
the  part  of  the  multitude  that  the  wise  and  the  learned  would 
explain  whatever  new  thing  presented  itself.  Thus  pride  and 
ambition  on  the  one  side  and  expectancy  on  the  other  joined 
hands  in  developing  the  putative  all-wise  man  whose  knowledge 
boxed  the  compass  and  whose  acumen  found  an  explanation  for 
every  new  puzzle  which  presented  itself.  Although  the  pre- 
tended compassing  of  the  entire  horizon  of  knowledge  has  long 
since  become  an  abandoned  affectation,  it  has  left  its  representa- 
tives in  certain  intellectual  predilections.  As  in  the  earlier  days, 
so  still,  it  is  a  too  frequent  habit  to  hastily  conjure  up  an  expla- 
nation for  every  new  phenomenon  that  presents  itself.  Inter- 
pretation leaves  its  proper  place  at  the  end  of  the  intellectual 
procession  and  rushes  to  the  forefront.  Too  often  a  theory  is 
promptly  born  and  evidence  hunted  up  to  fit  in  afterward.  Laud- 
able as  the  effort  at  explanation  is  in  its  proper  place,  it  is  an 
almost  certain  source  of  confusion  and  error  when  it  runs  before 
a  serious  inquiry  into  the  phenomenon  itself.  A  strenuous 
endeavor  to  find  out  precisely  what  the  phenomenon  really  is 
should   take  the  lead  and  crowd  back  the  question,  commend- 
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able  at  a  later  stage,  **  How  came  this  so  ?**  First  the  full  facts, 
then  the  interpretation  thereof,  is  the  normal  order. 

The  habit  of  precipitate  explanation  leads  rapidly  on  to  the 
birth  of  general  theories.'  When  once  an  explanation  or  spe- 
cial theory  has  been  offered  for  a  given  phenomenon,  self-con- 
sistency prompts  to  the  offering  of  the  same  explanation  or 
theory  for  like  phenomena  when  they  present  themselves  and 
there  is  soon  developed  a  general  theory  explanatory  of  a  large 
class  of  phenomena  similar  to  the  original  one.  In  support  of 
the  general  theory  there  may  not  be  any  further  evidence  or 
investigation  than  was  involved  in  the  first  hasty  conclusion. 
But  the  repetition  of  its  application  to  new  phenomena,  though 
of  the  same  kind,  leads  the  mind  insidiously  into  the  delusion 
that  the  theory  has  been  strengthened  by  additional  facts.  A 
thousand  applications  of  the  supposed  principle  of  levity  to  the 
explanation  of  ascending  bodies  brought  no  increase  of  evidence 
that  it  was  the  true  theory  of  the  phenomena,  but  it  doubtless 
created  the  impression  in  the  minds  of  ancient  physical  philoso- 
phers that  it  did,  for  so  many  additional  facts  seemed  to  harmo- 
nize with  it. 

For  a  time  these  hastily  born  theories  are  likely  to  be  held 
in  a  tentative  way  with  some  measure  of  candor  or  at  least  some 
self-illusion  of  candor.  With  this  tentative  spirit  and  measur- 
able candor,  the  mind  satisfies  its  moral  sense  and  deceives  itself 
with  the  thought  that  it  is  proceeding  cautiously  and  impartially 
toward  the  goal  of  ultimate  truth.  It  fails  to  recognize  that  no 
amount  of  provisional  holding  of  a  theory,  no  amount  of  applica- 
tion of  the  theory,  so  long  as  the  study  lacks  in  incisiveness  and 
exhaustivcncss,  justifies  an  ultimate  conviction.  It  is  not  the 
slowness  with  which  conclusions  are  arrived  at  that  should  give 
satisfaction  to  the  moral  sense,  but  the  precision,  the  complete- 
ness and  the  impartiality  of  the  investigation. 

*  I  use  the  term  theory  here  instead  of  hypothesis  because  the  latter  is  associated 
with  a  better  controlled  and  more  circumspect  habit  of  the  mind.  This  restrained 
habit  leads  to  the  use  of  the  less  assertive  term  hypothesis,  while  the  mind  in  the  habit 
here  sketched  more  often  believes  itself  to  have  reached  the  higher  ground  of  a  theory 
and  more  often  employs  the  term  theory.  Historically  also  1  believe  the  word  theory 
was  the  term  commonly  used  at  the  time  this  method  was  predominant. 
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It  is  in  this  tentative  stage  that  the  affections  enter  with 
their  blinding  influence.  Love  was  long  since  discerned  to  be 
blind  and  what  is  true  in  the  personal  realm  is  measurably  true 
in  the  intellectual  realm.  Important  as  the  intellectual  affec- 
tions are  as  stimuli  and  as  rewards,  they  are  nevertheless  dan- 
gerous factors  in  research.  All  too  often  they  put  under  strain 
the  integrity  of  the  intellectual  processes.  The  moment  one  has 
offered  an  original  explanation  for  a  phenomenon  which  seems 
satisfactory,  that  moment  affection  for  his  intellectual  child 
springs  into  existence,  and  as  the  explanation  grows  into  a  definite 
theory  his  parental  affections  cluster  about  his  offspring  and  it 
grows  more  ahd  more  dear  to  him.  While  he  persuades  himself 
that  he  holds  it  still  as  tentative,  it  is  none  the  less  lovingly  tenta- 
tive and  not  impartially  and  indifferently  tentative.  So  soon  as 
this  parental  affection  takes  possession  of  the  mind,  there  is  apt 
to  be  a  rapid  passage  to  the  unreserved  adoption  of  the  theory. 
There  is  then  imminent  danger  of  an  unconscious  selection  and 
of  a  magnifying  of  phenomena  that  fall  into  harmony  with  the 
theory  and  support  it  and  an  unconscious  neglect  of  phenomena 
that  fail  of  coincidence.  The  mind  lingers  with  pleasure  upon 
the  facts  that  fall  happily  into  the  embrace  of  the  theory,  and 
feels  a  natural  coldness  toward  those  that  assume  a  refractory 
attitude.  Instinctively  there  is  a  special  searching-out  of  phe- 
nomena that  support  it,  for  the  mind  is  led  by  its  desires.  There 
springs  up  also  unwittingly  a  pressing  of  the  theory  to  make  it 
fit  the  facts  and  a  pressing  of  the  facts  to  make  them  fit  the 
theory.  When  these  biasing  tendencies  set  in,  the  mind  rapidly 
degenerates  into  the  partiality  of  paternalism.  The  search  for 
facts,  the  observation  of  phenomena  and  their  interpretation  are 
all  dominated  by  affection  for  the  favored  theory  until  it  appears 
to  its  author  or  its  advocate  to  have  been  overwhelmingly  estab- 
lished. The  theory  then  rapidly  rises  to  a  position  of  control  in 
the  processes  of  the  mind  and  observation,  induction  and  inter- 
pretation are  guided  by  it.  From  an  unduly  favored  child  it 
readily  grows  to  be  a  master  and  leads  its  author  whithersoever 
it  will.     The  subsequent  history  of  that  mind  in  respect  to  that 
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theme  is  but  the  progressive  dominance  of  a  ruling  idea.  Briefly 
summed  up,  the  evolution  is  this  :  a  premature  explanation  passes 
first  into  a  tentative  theory,  then  into  an  adopted  theory,  and 
lastly  into  a  ruling  theory. 

When  this  last  stage  has  been  reached,  unless  the  theory 
happens  perchance  to  be  the  true  one,  all  hope  of  the  best  results 
is  gone.  To  be  sure  truth  may  be  brought  forth  by  an  investi- 
gator dominated  by  a  false  ruling  idea.  His  very  errors  may 
indeed  stimulate  investigation  on  the  part  of  others.  But  the 
condition  is  scarcely  the  less  unfortunate. 

As  previously  implied,  the  method  of  the  ruling  theory  occu- 
pied a  chief  place  during  the  infancy  of  investigation.  It  is  an 
expression  of  a  more  or  less  infantile  condition  of  the  mind.  I 
believe  it  is  an  accepted  generalization  that  in  the  earlier  stages 
of  development  the  feelings  and  impulses  are  relatively  stronger 
than  in  later  stages. 

Unfortunately  the  method  did  not  wholly  pass  away  with  the 
infancy  of  investigation.  It  has  lingered  on,  and  reappears  in 
not  a  few  individual  instances  at  the  present  time.  It  finds  illus- 
tration in  quarters  where  its  dominance  is  quite  unsuspected  by 
those  most  conterned. 

The  defects  of  the  method  are  obvious  and  its  errors  grave 
If  one  were  to  name  the  central  psychological  fault,  it  might  be 
stated  as   the  admission  of  intellectual   affection  to  the  place 
that  should  be  dominated   by   impartial,  intellectual   rectitude 
alone. 

So  long  as  intellectual  intere.st  dealt  chiefly  with  the  intangi- 
ble, so  long  it  was  possible  for  this  habit  of  thought  to 
survive  and  to  maintain  its  dominance,  because  the  phenom- 
ena themselves,  being  largely  subjective,  were  plastic  in  the 
hands  of  the  ruling  idea;  but  so  soon  as  investigation  turned 
itself  earnestly  to  an  incjuiry  into  natural  phenomena  whose 
manifestations  are  tangible,  whose  properties  arc  inflexible,  and 
whose  laws  are  rigorous,  the  defects  of  the  method  became 
manifest  and  an  effort  at  reformation  ensued.  The  first  great 
endeavor  was  repressive.     The  advocates  of  reform  insisted  that 
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theorizing  should  be  restrained  and  the  simple  determination  of 
facts  should  take  its  place.  The  effort  was  to  make  scientific 
study  statistical  instead  of  causal.  Because  theorizing  in  nar- 
row lines  had  led  to  manifest  evils  theorizing  was  to  be  con- 
demned. The  reformation  urged  was  not  the  proper  control 
and  utilization  of  theoretical  effort  but  its  suppression.  We  do 
not  need  to  go  backward  more  than  a  very  few  decades  to  find 
ourselves  in  the  midst  of  this  attempted  reformation.  Its  weak- 
ness lay  in  its  narrowness  and  its  restrictiveness.  There  is  no 
nobler  aspiration  of  the  human  intellect  than  the  desire  to  com- 
pass the  causes  of  things.  The  disposition  to  find  explanations 
and  to  develop  theories  is  laudable  in  itself.  It  is  only  its  ill- 
placed  use  and  its  abuse  that  are  reprehensible.  The  vitality  of 
study  quickly  disappears  when  the  object  sought  is  a  mere  collo- 
cation of  unmeaning  facts. 

The  inefficiency  of  this  simply  repressive  reformation  becom- 
ing apparent,  improvement  was  sought  in  the  method  of  the 
working  hypothesis.  This  has  been  affirmed  to  be  the  scientific 
method.  But  it  is  rash  to  assume  that  any  method  \%the  method, 
at  least  that  it  is  the  ultimate  method.  The  working  hypothesis 
differs  from  the  ruling  theory  in  that  it  is  used  as  a  means  of 
determining  facts  rather  than  as  a  proposition  to  be  established. 
'  It  has  for  its  chief  function  the  suggestion  and  guidance  of  lines 
of  inquiry ;  the  inquiry  being  made,  not  for  the  sake  of  the 
hypothesis,  but  for  the  sake  of  the  facts  and  their  elucidation. 
The  hypothesis  is  a  mode  rather  than  an  end.  Under  the  ruling 
theory,  the  stimulus  is  directed  to  the  finding  of  facts  for  the 
support  of  the  theory.  Under  the  working  hypothesis,  the  facts 
are  sought  for  the  purpose  of  ultimate  induction  and  demonstra- 
tion, the  hypothesis  being  but  a  means  for  the  more  ready  devel- 
opment of  facts  and  their  relations. 

It  will  be  observed  that  the  distinction  is  not  such  as  to  pre- 
vent a  working  hypothesis  from  gliding  with  the  utmost  ease 
into  a  ruling  theory.  Affection  may  as  easily  cling  about  a 
beloved  intellectual  child  when  named  an  hypothesis  as  if 
named   a   theory,   and  its  establishment  in  the  one  guise  may 
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become  a  ruling  passion  very  much  as  in  the  other.  The  his- 
torical antecedents  and  the  moral  atmosphere  associated  with 
the  working  hypothesis  lend  some  good  influence  however 
toward  the  preservation  of  its  integrity. 

Conscientiously  followed,  the  method  of  the  working  hypoth- 
esis is  an  incalculable  advance  upon  the  method  of  the  ruling 
theory ;  but  it  has  some  serious  defects.  One  of  these  takes 
concrete  form,  as  just  noted,  in  the  ease  with  which  the  hypoth- 
esis becomes  a  controlling  idea.  To  avoid  this  grave  danger,  the 
method  of  multiple  working  hypotheses  is  urged.  It  differs 
from  the  simple  working  hypothesis  in  that  it  distributes  the 
effort  and  divides  the  affections.  It  is  thus  in  some  measure 
protected  against  the  radical  defect  of  the  two  other  methods. 
In  developing  the  multiple  hypotheses,  the  effort  is  to  bring  up 
into  view  every  rational  explanation  of  the  phenomenon  in  hand 
and  to  develop  every  tenable  hypothesis  relative  to  its  nature, 
cause  or  origin,  and  to  give  to  all  of  these  as  impartially  as  pos- 
sible a  working  form  and  a  due  place  in  the  investigation.  The 
investigator  thus  becomes  the  parent  of  a  family  of  hypotheses ; 
and  by  his  parental  relations  to  all  is  morally  forbidden  to  fasten 
his  affections  unduly  upon  any  one.  In  the  very  nature  of  the 
case,  the  chief  danger  that  springs  from  affection  is  counter- 
acted. Where  some  of  the  hypotheses  have  been  already  pro- 
posed and  used,  while  others  are  the  investigator's  own  creation, 
a  natural  difficulty  arises,  but  the  right  use  of  the  method  requires 
the  impartial  adoption  of  all  alike  into  the  working  family.  The 
investigator  thus  at  the  outset  puts  himself  in  cordial  sympathy 
and  in  parental  relations  (of  adoption,  if  not  of  authorship,)  with 
every  hypothesis  that  is  at  all  applicable  to  the  case  under  inves- 
tigation. Having  thus  neutralized  so  far  as  may  be  the  partiali- 
ties of  his  emotional  nature,  he  proceeds  with  a  certain  natural 
and  enforced  erectness  of  mental  attitude  to  the  inquiry,  know- 
ing well  that  some  of  his  intellectual  children  (by  birth  or  adop- 
tion) must  needs  perish  before  maturity,  but  yet  with  the  hope 
that  several  of  them  mav  survive  the  ordeal  of  crucial  research, 
since  it  often  proves  in  the  end  that   several  agencies  were  con- 
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on  the  other  hand  it  is  demonstrable  that  these  basins  were 
occupied  by  great  lobes  of  ice  and  were  important  channels  of 
glacial  movement.  The  leeward  drift  shows  much  material 
derived  from  their  bottoms.  We  cannot  therefore  refuse  assent  to 
the  doctrine  that  the  basins  owe  something  to  glacial  excavation. 
Still  again  it  has  been  urged  that  the  earth's  crust  beneath  these 
basins  was  flexed  downward  by  the  weight  of  the  ice  load  and 
contracted  by  its  low  temperature  and  that  the  basins  owe  some- 
thing to  crustal  deformation.  This  third  cause  tallies  with  cer- 
tain features  not  readily  explained  by  the  others.  And  still  it  is 
doubtful  whether  all  these  combined  constitihte  an  adequate 
explanation  of  the  phenomena.  Certain  it  is/c(t  least,  that  the 
measure  of  participation  of  each  must  be  determined  before  a 
satisfactpry  elucidation  can  be  reached.  The  full  solution  there- 
fore involves  not  only  the  recognition  of  multiple  participation 
but  an  estimate  of  the  measure  and  mode  oY.  eac;h  participation. 
For  this  the  simultaneous  use  of  a  full  staff  6f  working  hypoth- 
eses is  demanded.  The  method  of  tb^  single  working  hypothesis 
or  the  predominant  working  hypothesis  is  incompetent. 

In  practice  it  is  not  always  possible  to  give  all  hypotheses 
like  places  nor  does  the  method  contemplate  precisely  equable 
treatment.  In  forming  specific  plans  for  field,  office  or  laboratory 
work  it  may 'often  be  necessary  to  follow  the  lines  of  inquiry 
suggested  by  some  one  hypothesis,  rather  than  those  of  another. 
The  favored  hypothesis  may  derive  some  advantage  therefrom 
or  go  to  an  earlier  death  as  the  case  may  be,  but  this  is  rather  a 
matter  of  executive  detail  than  of  principle. 

A  special  merit  of  the  use  of  a  full  staff  of  hypotheses  coordi- 
nately  is  that  in  the  very  nature  of  the  case  it  invites  thorough- 
ness. The  value  of  a  working  hypothesis  lies  largely  in  the 
significance  it  gives  to  phenomena  which  might  otherwise  be 
meaningless  and  in  the  new  lines  of  inquiry  which  spring  from 
the  suggestions  called  forth  by  the  significance  thus  disclosed. 
Facts  that  are  trivial  in  themselves  arc  brought  forth  into  impor- 
tance by  the  revelation  of  their  bearings  upon  the  hypothesis 
and  the  elucidation  sought  through  the  hypothesis.     The  phe- 
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nomenal  influence  which  the  Darwinian  hypothesis  has  exerted 
upon  the  investigations  of  the  past  two  decades  is  a  monumental 
illustration.  But  while  a  single  working  hypothesis  may  lead 
investigation  very  effectively  along  a  given  line,  it  may  in  that 
very  fact  invite  the  neglect  of  other  lines  equally  important. 
Very  many  biologists  would  doubtless  be  disposed  today  to  cite 
the  hypothesis  of  natural  selection,  extraordinary  as  its  influence 
for  good  has  been,  as  an  illustration  of  this.  While  inquiry  is 
thus  promoted  in  certain  quarters,  the  lack  of  balance  and  com- 
pleteness gives  unsymmetrical  and  imperfect  results.  But  if  on 
the  contrary  all  rational  hypotheses  bearing  on  a  subject  are 
worked  coordinately,  thoroughness,  equipoise,  and  symmetry 
are  the  presumptive  results  in  the  very  nature  of  the  case. 

In  the  use  of  the  multiple  method,  the  reaction  of  one 
hypothesis  upon  another  tends  to  amplify  the  recognized  scope 
of  each.  Every  hypothesis  is  quite  sure  to  call  forth  into  clear 
recognition  new  or  neglected  aspects  of  the  phenomena  in  its 
own  interests,  but  ofttimes  these  are  found  to  be  important 
contributions  to  the  full  deployment  of  other  hypotheses.  The 
eloquent  expositions  of  ** prophetic"  characters  at  the  hands  of 
Agassiz  were  profoundly  suggestive  and  helpful  in  the  explica- 
tion of  "undifferentiated"  types  in  the  hand  of  the  evolu- 
tionary theory. 

So  also  the  mutual  conflicts  of  hypotheses  whet  the  discrim- 
inative edge  of  each.  The  keenness  of  the  analytic  process 
advocates  the  closeness  of  differentiating  criteria,  and  the  sharp- 
ness of  discrimination  is  promoted  by  the  coordinate  working  of 
several  competitive  hypotheses. 

Fertility  in  processes  is  also  a  natural  sequence.  Each 
hypothesis  suggests  its  own  criteria,  its  own  means  of  proof, 
its  own  method  of  developing  the  truth ;  and  if  a  group  of 
hypotheses  encompass  the  subject  on  all  sides,  the  total  outcome 
of  means  and  of  methods  is  full  and  rich. 

The  loyal  pursuit  of  the  method  for  a  period  of  years  leads 
to  certain  distinctive  habits  of  mind  which  deserve  more  than 
the  passing  notice  which  alone  can  be  given  them  here.     As  a 
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factor  in  education  the  disciplinary  value  of  the  method  is  one 
of  prime  importance.  When  faithfully  followed  fbr  a  sufficient 
time,  it  develops  a  mode  of  thought  of  its  own  kind  which  may 
be  designated  the  habit  of  parallel  thought,  or  of  complex 
thought.  It  is  contra-distinguished  from  the  linear  order  of 
thought  which  is  necessarily  cultivated  in  language  and  mathe- 
matics because  their  modes  are  linear  and  successive.  The  pro- 
cedure is  complex  and  largely  simultaneously  complex.  The 
mind  appears  to  become  possessed  of  the  power  of  simultaneous 
vision  from  different  points  of  view.  The  power  of  viewing 
phenomena  analytically  and  synthetically  .  at  the  same  time 
appears  to  be  gained.  It  is  not  altogether  unlike  the  intellectual 
procedure  in  the  study  of  a  landscape.  From  every  quarter 
of  the  broad  area  of  the  landscape  there  come  into  the  mind 
myriads  of  lines  of  potential  intelligence  which  are  received 
and  coordinated  simultaneously  producing  a  complex  impression 
which  is  recorded  and  studied  directly  in  its  complexity.  If  the 
landscape  is  to  be  delineated  in  language  it  must  be  taken  part 
by  part  in  linear  succession. 

Over  against  the  great  value  of  this  power  of  thinking  in 
complexes  there  is  an  unavoidable  disadvantage.  No  good  thing 
is  without  its  drawbacks.  It  is  obvious  upon  studious  consider- 
ation that  a  complex  or  parallel  method  of  thought  cannot  be 
rendered  into  verbal  expression  directly  and  Immediately  as  it 
takes  place.  We  cannot  put  into  words  more  than  a  single  line 
of  thought  at  the  same  time,  and  even  in  that  the  order  of 
expression  must  be  conformed  to  the  idiosyncrasies  of  the 
language.  Moreover  the  rate  must  be  incalculably  slower  than 
the  mental  process.  When  the  habit  of  complex  or  parallel 
thought  is  not  highly  developed  there  is  usually  a  leading  line 
of  thought  to  which  the  others  arc  subordinate.  Following  this 
leading  line  the  difficulty  of  expression  does  not  rise  to  serious 
proportions.  But  when  the  method  of  simultaneous  mental 
action  along  different  lines  is  so  highly  developed  that  the 
thoughts  running  in  different  channels  are  nearly  equivalent, 
there  is  an   obvious   embarrassment   in   making  a  selection   for 


848  STUDIES  FOR  STUDENTS 

verbal  expression  and  there  arises  a  disinclination  to  make  the 
attempt.  Furthermore  the  impossibility  of  expressing  the 
mental  operation  in  words  leads  to  their  disuse  in  the  silent  pro- 
cesses of  thought  and  hence  words  and  thoughts  lose  that  close 
association  which  they  are  accustomed  to  maintain  with  those 
whose  silent  as  well  as  spoken  thoughts  predominantly  run  in 
linear  verbal  courses.  There  is  therefore  a  certain  predisposition 
on  the  part  of  the  practitioner  of  this  method  to  taciturnity. 
The  remedy  obviously  lies  in  coordinate  literary  work. 

An  infelicity  also  seems  to  attend  the  use  of  the  method 
with  young  students.  It  is  far  easier,  and  apparently  in  general 
more  interesting,  for  those  of  limited  training  and  maturity  to 
\accept  a  simple  interpretation  or  a  single  theory  and  to  give  it 
ivide  application,  than  to  recognize  several  concurrent  factors 
ind  to  evaluate  these  as  the  true  elucidation  often  requires. 
Recalling  again  for  illustration  the  problem  of  the  Great  Lake 
basins,  it  is  more  to  the  immature  taste  to  be  taught  that  these 
were  scooped  out  by  the  mighty  power  of  the  great  glaciers  than 
to  be  urged  to  conceive  of  three  or  more  great  agencies  working 
successively  in  part  and  simultaneously  in  part  and  to  endeavor 
to  estimate  the  fraction  of  the  total  results  which  was  accom- 
plished by  each  of  these  agencies.  The  complex  and  the  quan- 
titative do  not  fascinate  the  young  student  as  they  do  the  veteran 
investigator. 

The  studies  of  the  geologist  are  peculiarly  complex.  It  is 
rare  that  his  problem  is  a  simple  unitary  phenomenon  explicable 
by  a  single  simple  cause.  Even  when  it  happens  to  be  so  in  a 
given  instance,  or  at  a  given  stage  of  work,  the  subject  is  quite 
sure,  if  pursued  broadly,  to  grade  into  some  complication  or 
undergo  some  transition.  He  must  therefore  ever  be  on  the  alert 
for  mutations  and  for  the  insidious  entrance  of  new  factors.  If 
therefore  there  are  any  advantages  in  any  field  in  being  armed 
with  a  full  panoply  of  working  hypotheses  and  in  habitually 
employing  them,  it  is  doubtless  the  field  of  the  geologist. 

T.  C.  Chamberlin. 


Editorial. 


The  laudable  efforts  of  the  Russian  geologists  to  make  the 
proceedings  of  the  seventh  session  of  the  International  Geolog- 
ical Congress  contribute  materially  to  the  advancement  of  the 
science  along  the  lines  of  unification  and  reformation  of  classifi- 
cations and  nomenclatures  met  with  but  partial  success.  The 
number  of  papers  presented  that  bore  directly  on  these  problems 
was  not  large  and  their  magnitude  was  inconsiderable.  Never- 
theless it  will  appear  in  the  future  that  the  effort  was  much  more 
fruitful  than  seemed  at  the  time  to  be  the  case.  The  results  in 
connection  with  the  classification  and  nomenclature  of  stratified 
formations  were  more  immediate  and  satisfactory  than  those 
relating  to  the  same  problems  in  petrography.  Messrs.  Freeh 
and  Bittner  prepared  papers  that  led  to  the  formulation  by 
Messrs.  Karpinsky  and  Tschernyschew  of  definite  propositions 
for  the  establishment  of  principles  upon  which  may  be  based 
rules  for  the  creation  and  use  of  stratigraphical  terms.  These 
were  discussed  by  the  congress  and  agreed  to  in  part.  A  new 
committee  was  appointed  to  consider  the  principles  of  chrono- 
logical classification  of  sedimentary  formations.  The  committee 
consists  of  active  members  and  of  consulting  members.  The 
former  are  :  Messrs.  Barrois,  Capellini,  Hughes,  Renevier,  Tietze, 
Tschernyschew,  It.  S.  Williams,  Zittel.  Consulting  members  arc: 
Choffat,  Clark,  Cortazar,  Davy,  Dawson,  Deperet,  Freeh,  Grics- 
bach,  Karpinsky,  Kayser,  de  Lapparent,  Martin,  Maycr-Eymar, 
Nathorst,  Nikitin,  Stefanescu,  Dc-Stefani,  Taramelli,  Uhlig,  Van 
der  Broeck,  Walcott,  Woodward. 


••• 


The  results  in  connection  with  the  problem  of  the  reformation 
of  pctrographic  nomenclature  were  most  disappointing  to  the 
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Russian  geologists,  partly  by  reason  of  the  fewness  of  the  papers 
contributed  and  partly  because  of  the  resolution  passed  by  the 
petrographers  present  that  the  time  had  not  arrived  for  the  deter- 
mination of  general  principles  for  the  classification  and  nomen- 
clature of  rocks.  This,  together  with  the  absence  of  any  report 
from  the  committee  appointed  at  the  sixth  session  of  the  congress 
prevented  a  discussion  of  principles  and  appeared  to  be  a  direct 
reproof  of  the  geologists  who  had  suggested  the  discussion.  It 
should  not  be  so  considered.  It  was  in  fact  an  indication  of  the 
wide  divergence  of  opinion  on  the  subject  of  classification  and 
nomenclature  among  petrologists  and  of  the  consciousness  of  the 
rapid  changes  that  are  taking  place  in  our  knowledge  of  the 
elements  involved,  which  would  render  hasty  deliberation  fruit- 
less. But  there  is  no  question  that  had  a  report  been  presented 
by  the  committee  it  would  have  elicited  a  most  vigorous  discus- 
sion. It  is  to  be  remarked  also  that  an  effort  on  the  part  of  the 
petrologists  to  replace  the  former  committee  by  a  more  active 
one  was  voted  down  by  the  help  of  those  geologists  who  appeared 
most  anxious  to  have  the  problem  advanced.  The  undertaking 
is  of  such  a  serious  nature  that  few  cared  to  offer  new  suggestions 
without  very  careful  consideration.  Nevertheless  the  agitation 
will  undoubtedly  prove  beneficial,  and  as  great  advances  could 
be  recognized  to  have  taken  place  since  the  meeting  of  the  sixth 
session  at  Zurich,  still  greater  ones  may  be  expected  by  the 
time  of  the  Paris  meeting,  when  it  is  hoped  that  the  committee 
will  present  a  report  which  may  not  only  form  the  basis  for 
discussion  but  a  foundation  for  permanent  reforms.        J.  P.  I. 


Reviews. 


The  Glacial  Lake  Agassiz,  By  Warren  Upham.  Monograph 
of  the  United  States  Geological  Survey,  Washington,  D.  C, 
1895. 

This  opus  magfium  of  one  of  our  most  active  and  worthy  glacialists 
has  fallen  between  the  two  horns  of  a  dilemma  common  enough  in 
the  experience  of  the  busy  editor  who  hesitates  between  the  hasty 
sketch  which  alone  time  permits  him  to  prepare  and  the  careful  review 
which  he  knows  he  ought  to  prepare  in  due  respect  for  the  merits  of 
the  work.  The  choice  of  Ihe  latter  which  best  suits  the  stress  of  the 
hour  too  often  proves  but  a  renewal  of  the  dilemma  with  added  inten- 
sity when  he  next  recurs  to  the  subject,  and  so  the  struggle  goes  on 
until  the  alternative  narrows  to  an  inadequate  notice  or  an  unworthy 
negligence  of  a  work  of  merit. 

This  monograph  of  more  than  650  pages,  amply  illustrated  by 
maps  and  diagrams,  represents  several  years  of  very  industrious  study 
of  the  surficial  phenomena  of  the  basin  of  the  Red  River  of  the  north 
and  adjacent  territory,  begun  under  the  auspices  of  the  Minnesota 
Survey  and  finished  under  those  of  the  United  States  Survey  with  the 
cooperation  of  the  Canadian  Survey. 

The  treatment  is  systematic  and  detailed.  Beginning  with  a  gen- 
eral introduction  it  passes  to  the  topography  of  the  basin  which  is 
minutely  described,  after  which  the  underlying  formations  embracing 
the  Archaean,  the  two  Silurians,  and  the  Cretaceous,  are  discussed  at 
some  length.  The  glacial  period  and  its  drift  deposits  are  treated 
with  still  more  fullness  because  of  their  immediate  relations  to  the 
history  of  Lake  Aggasiz.  This  is  introduced  by  a  review  of  the 
glacial  period  in  North  America,  and  a  comprehensive  sketch  of 
the  continental  ice-sheet  which  is  illustrated  by  an  excellent  map 
showing  not  only  the  general  distribution  of  North  American  Pleisto- 
cene glaciation  as  known  at  the  time  of  its  preparation,  but  also  the 
directions  of  movement  in  various  parts  of  the  great  area.     Greenland 
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and  the  Archipelago  north  of  the  continent  are  included.  The  Lau 
rentide  and  Cordilleran  ice-sheets  are  differentiated  and  the  debatable 
belt  between  them  indicated.  The  Keewatin  ice -sheet  which  has  since 
been  differentiated  from  the  Laurentide  glacier  in  part  at  least  by 
Tyrrell  is,  of  course,  not  separately  represented.  The  recession  of  the 
ice-sheet  and  the  courses  of  the  ice  movement  in  the  immediate  vicin- 
ity of  Lake  Agassiz  are  very  fully  set  forth,  as  well  as  the  drift 
deposits  of  the  region.  The  succession  of  terminal  moraines  is  amply 
delineated  by  text  and  maps.  The  moraines  from  the  seventh  or 
Dovre  to  the  eleventh  or  Mesabi  are  regarded  as  contemporaneous 
with  Lake  Agassiz. 

With  this  vtiy  ample  but  needful  introduction  the  history  of  Lake 
Agassiz  is  delineated.  A  distinction  is  drawn  between  the  Great  Basin 
lakes,  Bonneville,  Lahontan,  and  others,  and  true  glacial  lakes  of  the 
Agassiz  type.  The  indubitable  evidences  of  the  existence  of  the  lake 
in  a  well-cut  outlet,  eroded  cliffs,  beaches,  deltas,  and  lacustrine 
deposits,  are  set  forth  in  general  terms  at  the  outset  and  taken  up  in 
much  detail  afterwards. 

The  contemporaneity  of  the  great  ice-sheet  and  the  dependence  of 
the  lake  upon  the  ice  mass  for  its  northern  barrier  is  a  central  point 
of  interest  in  the  monograph.  The  changes  in  the  history  of  the  lake 
are  made  dependent  upon  the  shifting  position  of  this  ice  barrier, 
upon  the  erosion  of  the  outlet,  and  upon  progressive  changes  in  the 
earth's  surface.  An  attempt  is  made  to  measure  the  duration  of  I^ake 
Agassiz  by  means  of  its  beaches,  its  moraines,  and  correlated  phe- 
nomena, with  the  result  that  the  period  is  believed  to  have  been  short 
and  the  formation  of  the  moraines  very  rapid.  Some  alternative  inter- 
pretations by  Chamberlin,  under  whose  direction  the  work  was 
prosecuted,  are  introduced  at  this  point  at  the  request  of  the  author, 
the  chief  purport  of  which  is  to  assign  a  series  of  rising  as  well  as  fall- 
ing stages  to  the  shores  of  Lake  Agassiz  and  to  thereby  make  the 
moraines  antedate  the  highest  beach  and  to  leave  the  time  occupied 
in  their  formation  undetermined. 

The  beaches  are  divided  into  two  classes,  the  one  set  being  those 
connected  with  the  southern  outlet  at  Lake  Traverse  and  the  other 
set  those  connected  with  some  undetermined  outlet  to  the  northward. 
Five  distinct  stages,  represented  by  as  many  beaches  or  groups  of 
beaches,  belong  to  the  first  set  and  four  to  the  second.  One  of  the 
most  important  features  of  the  monograph  is  the  accurate  determina- 
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tion  of  very  notable  changes  in  the  level  of  these  beaches.  A  former 
relative  rise  of  the  surface  to  the  northeast  is  not  only  amply  demon- 
strated, but  a  progressive  fall  of  the  surface  at  the  north  at  later  stages 
until  it  reached  its  present  attitude  is  fully  made  out.  The  move- 
ment appears  to  have  been  steadily  progressive  and  systematic.  The 
possible  causes  of  these  changes  of  levels  are  discussed,  embracing 
gravitation  toward  the  ice-sheet  which,  while  measurably  effective,  is 
found  quantitatively  insufficient,  changes  in  the  temperature  of  the 
earth's  crust  which  is  also  regarded  as  insufiicient,  and  epeirogenic 
movements  apparently  dependent  in  part  upon  glaciation,  which  is 
regarded  as  the  essential  agency.  In  this  connection  the  author 
extends  his  discussion  widely,  treating  of  the  preglacial  elevation  of 
North  America,  as  shown  by  fiords  and  submarine  valleys  and  of  the 
late  glacial  or  Champlain  submergence  shown  by  fossiliferous  marine 
beds  overlying  glacial  deposits,  and  from  these  he  endeavors  to  deduce 
the  Pleistocene  oscillations  embracing  those  which  were  independent 
of  glaciation  as  well  as  those  dependent  upon  it.  He  maintains  his 
well-known  views  regarding  the  dependence  of  glaciation  essentially 
upon  epeirogenic  movements. 

The  monograph  closes  with  chapters  on  the  artesian  and  common 
wells  of  the  Red  River  valley  and  the  agricultural  and  mineral 
resources  of  the  area  of  Lake  Agassiz.  There  are  added  appendices 
giving  the  courses  of  glacial  striae  and  notes  on  aboriginal  earth  works 
within  or  near  the  area  of  the  lake.  The  whole  material  is  worked 
out  with  care  and  great  detail  and  constitutes  a  very  important  con- 
tribution to  Pleistocene  history  in  both  its  glacial  and  its  lacustrine 
aspects.  T.  C.  C. 


Catalogue  of  the  Tertiary  Mollusca  in  the  Department  of  Geology, 
British  Museum  (Natural  History).  Part  i.  The  Austra- 
lasian Tertiary  Mollusca.  By  Ge()K(;e  F.  Harris,  F.G.S. 
407  pp.,  8  pis.     London,  1897. 

The  British  Museum,  which  has  in  process  of  publication  cata- 
logues of  its  great  collections,  has  lately  started  a  new  series  upon  the 
Tertiary  Mollusca,  under  the  editorship  of  Professor  Harris.  The 
first  volume  dealing  with  the  Australasian  forms  has  just  made  its 
appearance.     The  acquisition  by  the  Museum  at  different  times  since 
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i860  of  large  numbers  of  Teritary  mollusca  from  Australia  and  New 
Zealand,  has  made  it  possible  for  Professor  Harris  to  present  a  very 
exhaustive  review  of  the  subject^  the  Gasteropoda  particularly  being 
described  in  great  detail.  The  fine  state  of  preservation  of  the  speci- 
mens has  led  the  author  to  consider  the  several  forms  both  from  an 
ontogenetic  and  phylogenetic  standpoint,  and  as  so  little  work  of  this 
character  has  been  done  on  the  Gasteropoda,  hitherto,  it  must  prove 
of  fundamental  importance  in  the  systematic  classification  of  this  class 
of  the  mollusca. 

The  book  contains  a  complete  synonomy  of  all  the  forms  catalogued, 
together  with  a  description  of  such  new  material  as  the  Museum  pos- 
sesses. The  admirable  figures  which  accompany  the  volume  show  in 
great  detail  the  protoconchs  of  many  of  the  Gasteropod  types. 

This  report  presents  the  first  thoroughly  systematic  treatment  of 
the  Tertiary  molluscan  faunas  of  Australasia  and  will  be  of  great  serv- 
ice to  the  student  of  Tertiary  mollusca  in  other  portions  of  the  world. 
Volume  I  will  be  succeeded  by  others  in  which  the  large  Tertiary 
collections  of  the  British  Museum  from  other  lands  will  be  minutely 
described.  There  is  no  man  better  able  to  undertake  this  task  than 
Professor  Harris,  as  he  is  intimately  acquainted  with  the  Tertiar}'  in 
many  portions  of  the  world,  and  probably  has  a  more  comprehensive 
knowledge  of  the  Tertiary  of  central  and  western  Europe  than  any 
one  living.  He  has  published  an  important  memoir  on  the  Eocene 
geology  and  palaeontology  of  the  Paris  Basin,  besides  making  contri- 
butions to  the  Tertiary  of  England. 

The   future  publications  of  this  series  will  be  awaited  with  much 

interest  by  all  students  of  Tertiary  palaeontology. 

Wm.  B.  Clark. 


Transactiofis  of  the  American  Institute  of  Mining  Engifieers,  Vol, 
XXVI.  February  1896,  to  October  1896  inclusive.  Pub- 
lished  by  the  Institute,  New  York  City,  1897. 

This  number  of  the  Transactiofis  presents  a  goodly  list  of  papers 
of  especial  interest  to  geologists.  Of  these  we  may  mention  the  fol- 
lowing : 

The  Ore  Deposits  of  the  Australian  Broken  Hill  Consols  Mifie^ 
Broken  Hill,  New  South  Wales.     By  George  Smith,  pp.  69-78.     This 
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is  an  interesting  discussion  on  the  concentration  of  dyscrasite  and 
antimonial  silver  chloride  where  the  lode  is  cut  by  cross  veins  or 
^vindicators.*'  The  author  finds  it  necessary  to  invoke  the  aid  of  the 
electro-magnetic  currents  of  the  earth's  crust  acting  along  the  cross 
veins  to  account  for  this  particular  form  of  deposition. 

Copper  Ores  in  the  Permian  of  Texas,  By  E.  J.  Schmitz,  Jr.,  pp. 
97-108  (discussion  p.  105 1).  The  copper  ores  of  the  Texas  Permian 
occur  as  pseudomorphs  of  wood  or  as  nodules  or  copper-bearing  shale, 
slate  or  clay,  and  was  deposited  under  much  the  same  conditions  as  the 
** Hupperschiefer**  in  the  German  Permian,  the  chief  difference  being 
that  the  American  ore  is  in  the  main  a  carbonate  or  silicate,  while  the 
(lerman  is  a  sulphide. 

Vein  Walls.  By  T.  A.  Rickard,  pp.  1 93-241  (discussion  p. 
1153).  A  valuable  dissertation  upon  the  relation  of  ore  deposition 
to  the  composition  and  structure  of  the  inclosing  strata. 

Sketch  of  a  Portion  of  the  Gunnison  Gold  Beit,  Including  the  Vulcan 
and  Mammoth  Chimney  Mines.     By  Arthur  Lakes,  pp  440-448. 

Gold  in  Granite  and  Plutonic  Rocks.  By  William  P  Blake,  pp. 
290-298.  A  summary  of  a  number  instances  of  the  occurrence  of 
gold  as  a  primary  constituent  of  granite  and  plutonic  rocks. 

Faulting  and  Accompanying  Features  Observed  in  Glacial  Gravel  and 
Sand  in  Southern  Michigan.  By  Carl  Henrich,  pp.  460-464  (discus- 
sion p.  1 102).  The  faulting  occurs  in  stratified  gravel.  The  fault  planes 
are  from  seven  to  twelve  feet  apart,  and  none  have  a  throw  of  less  than 
seven  inches.  Along  these  fault  planes  nodules  have  been  formed 
by  ascending  currents  of  water.  The  explanation  offered  is  that  lateral 
piessure  was  caused  by  two  glaciers  converging  along  Silver  Creek  and 
<ioose  Greek  valleys. 

Further  Notes  on  the  Alabama  and  Georgia  Gold- Fields.  By 
William  H.  Brewer,  pp.  464-472. 

The  Ore- Shoots  of  Cripple  Creek,  Colorado.  By  Edward  Skewes, 
pp.  553-579.  A  detailed  description  of  the  ore-shoots  of  a  portion  of  the 
Cripple  Creek  district,  and  their  relations  to  the  vein  fissures. 

Traces  of  Organic  Remains  from  the  Huronian  (?)  Series  at  the  Iron 
Mountain^  Michigan,  etc.  By  W.  S.  Greeslev,  pp.  527-534.  An 
account  of  the  author's  discovery  of  certain  markings  on  the  iron  ore 
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upon  the  docks  at  Erie,  Pa.  which  he  indentifies  as    fossil  remains. 
Three  plates  follow  the  article. 

The  Phosphate  Deposits  of  Arkansas.  By  John  C.  Branner,  pp. 
580-598.  The  phosphate  deposits  are  reported  in  or  associated  with  a 
narrow  zone  either  of  greenish  or  black  shale,  or  a  sandstone  deposited 
between  recognized  Lower  Silurian  and  Carboniferous  strata.  This 
interval  represents  the  slow  accumulation  of  organic  matter  in  a  com- 
paratively deep  sea.  Phosphate  nodules  have  also  been  found  in  some 
of  the  Cretaceous  beds  of  the  region. 

Magnetic  Observation  in  Geological  Mapping.  By  Henry  Lloyd 
Smith,  pp.  640-709.  The  principles  of  plotting  magnetic  observation 
and  applications  to  geological  mapping,  etc. 

Some  Mines  of  Rosita  and  Silver  Cliffy  Colorado.  By  S.  F.  Emmons, 
pp.  773-822.  The  ore  of  the  Bassic  mine  was  deposited  by  fumoralic 
action  as  a  phase  of  the  dying  activity  of  the  volcano  when  H.^S  and 
SjO  were  the  prevailing  gases.  The  Bull-Domingo  mine  ores  were 
deposited  from  aqueous  solutions  coming  from  a  region  of  igneous 
eruptions  close  at  hand. 

Discussing  the  composition  of  descending  surface  waters  and 
ascending  deep  waters  Mr.  Emmons  concludes,  in  opposition  to  the 
prevalent  belief,  that  decreasing  temperature  and  pressure  are  not  the 
principal  determining  causes  of  the  precipitation  of  vein  minerals  from 
ascending  solutions.  Also  that  all  the  metallic  minerals  of  the  plateau 
were  formed  under  the  same  conditions  and  during  the  same  general 
phase  of  ore  deposition,  and  their  irregular  dissemination  is  due  to 
physical  rather  than  to  chemical  causes. 

He  states  also  that  "the  heavy  metals  have  probably  been  brought  up 
from  the  interior  of  the  earth  within  the  magmas  of  igneous  rocks,  and 
that  by  some  process  of  differentiation  not  yet  completely  understood 
either  previous  to,  or  during  the  process  of  cooling  and  consolidation, 
they  have  been  concentrated  within  certain  bodies  or  parts  of  bodies 
of  eruptive  rocks  ;  and,  further,  that  ore  bodies  as  found  at  the  present 
day  are  the  result  of  a  concentration  (perhaps  many  times  repeated) 
of  the  materials  thus  brought  up,  which  are  in  all  probability  very 
finely  disseminated  through  the  present  rock  masses  or  combined  in 
minute  amounts  in  the  more  common  basic  minerals.  This  seems  a 
more  rational  hypothesis,  and  one  more  in  accordance  with  modern 
scientific  practice,  than  to  content  oneself  with  assuming  simply  that 
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the  ascending  waters  came  charged  with  metallic  minerals  from  the 
bathysphere,  meaning  thereby  a  region  in  the  interior  of  the  earth 
which  is  richer  in  heavy  metals  than  any  part  of  the  earth's  crust 
that  comes  under  our  observation  ;  for  this  simple  assumption  affords 
no  explanation  why  metallic  minerals  are  concentrated  in  one  part 
of  the  earth's  crust  and  not  in  another,  and  it  supposes  a  free  flow 
of  waters  at  greater  depths  than  in  our  present  state  of  knowledge 
of  terrestrial  physics  it  is  considered  possible  that  channels  which 
would  admit  of  a  flow  of  water  through  them  would  remain  open. 

"  Furthermore,  if  the  vein-materials  are  found  to  form  a  constituent 
part,  even  in  minute  traces,  of  comparatively  fresh  and  unaltered 
country-rocks  in  a  given  ore-bearing  region,  and  at  such  distances 
from  any  water -channels  as  to  render  it  improbable  that  these  mate- 
rials could  have  been  brought  in  through  these  channels,  it  is  reason- 
able to  assume  that  these  or  similar  rocks  have  been  permeated  by  the 
waters  from  which  the  known  ore  deposits  were  precipitated,  and  that 

from    them   they  derived    their    contained    vein-materials It 

seems  probable  that  not  only  the  recent  eruptives,  but  the  older 
granites  through  which  the  ascending  solutions  must  have  passed,  con- 
tain enough  of  the  precious  metals,  and,  it  may  be  assumed  also,  of 
the  other  vein-materials  to  furnish,  in  the  long  time  that  is  accorded 
to  the  accomplishment  of  most  geological  phenomena,  sufficient  mate- 
rial of  the  formation  of  existing  ore-bodies.  The  analysis  of  the 
vadose  waters  in  the  Geyser  mine  has  demonstrated  the  capability 
possessed  by  even  cold  surface  waters  of  taking  up  such  materials  in 
their  passage  through  the  rocks.  The  subterranean  waters  that  were 
circulating  here  at  the  time  of  the  formation  of  the  ore-deposits  must 
have  been  much  more  energetic  solvents,  being  heated  by  contact 
with  the  cooling  masses  of  igneous  rock,  and  probably  deriving  a  cer- 
tain amount  of  active  and  energetic  mineralizing  agents,  such  as 
fluorine,  chlorine,  etc.,  from  these  igneous  masses  at  the  time  of  con- 
tact. Hence  it  is  fair  to  assume  that  the  vein-materials  in  this  region 
were  originally  derived  from  both  recent  and  ancient  eruptive  rocks 
—  a  conclusion  similar  to  that  arrived  at  by  Mr.  Penrose,  from  his 
more  exhaustive  study  of  the  ore-deposits  of  Cripple  Creek." 

The  Occurrence  and  Treatment  of  Certain  Gold  Ores  of  Park  County ^ 
Colorado.     By  B.  Sadtler,  pp.  848-853. 

The  Occurrence  of  Gold  Ores  in  the  Rainy  Rit^er  District^  Ontario^ 
Canada,     By  Wm.  H.  Merritt,  pp.  853-863. 
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Other  papers  —  such  for  example  —  as  The  Microstruciure  of  Sieei 
and  the  Current  Theories  of  Hardening^  by  Albert  Sauveur,  have 
direct  application  to  the  broad  domin  of  theoretical  geology. 

C.  F.  ToLMAN  Jr. 

The  Law  of  Mines  and  Mining  in  the  United  States,  By  Daniel 
MoREAU  Barringer  and  John  Stokes  Adams.  Little, 
Brown,  &  Co.,  Boston,  1897. 

Although  primarily  a  legal  work  this  book  possesses  not  a  little 
interest  and  value  to  geologists  in  general  and  especially  to  those 
who  have  to  deal  with  economic  interests.  It  opens  with  a  geological 
preface  in  which  the  various  kinds  of  mineral  deposits  that  are  liable 
to  be  subjects  of  litigation  are  defined  and  their  modes  of  occur- 
rence and  to  some  extent  their  origins  are  briefly  stated,  as  these 
features  are  often  decisive  in  the  legal  classification  of  the  formations. 
The  purpose  of  the  work  is  to  give  a  better  appreciation  of  the  reasons 
for  the  established  legal  distinctions  relative  to  mineral  deposits,  inso- 
far as  these  are  based  on  differences  in  the  nature,  the  mode  of  occur- 
rence or  the  origin  of  the  deposits.  While  the  matter  is  not  new  to 
geologists  and  makes  no  pretension  to  exhaustiveness,  its  special  point 
of  view  gives  not  a  little  freshness  to  the  sketch.  The  legal  classifica- 
tion of  ore  deposits  is  not  without  its  suggestiveness  to  scientific 
students. 

The  body  of  the  book  opens  with  a  chapter  on  property  in  min- 
erals where  there  has  been  no  division  between  the  ownership  of  the 
surface  and  of  the  mineral  below,  followed  by  one  on  property  rights 
where  the  title  to  the  mineral  or  the  right  to  take  it  out  is  vested  in 
some  one  who  is  not  the  owner  of  the  soil.  It  then  treats  of  min- 
eral leases  and  the  rights  and  duties  arising  thereunder,  and  the  modes 
of  assignment  and  termination  of  leases.  Chapters  follow  on  the 
property  of  the  sovereign  and  its  grantees  in  minerals,  for  example, 
minerals  in  the  beds  of  navigable  streams  or  under  public  highways  or 
in  lands  taken  by  eminent  domain.  There  is  also  a  discussion  of 
the  government's  title  and  the  granting  thereof.  A  chapter  is 
devoted  to  the  discovery  and  location  of  claims,  another  to  the 
extent  of  claims,  and  one  each  to  the  method  by  which  claims  are 
held,  to  the  local  mining  rules  and  regulations,  to  the  method  by 
which  title  to  mining  claims  may  be  terminated,  and  to  the  reloca- 
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tion  of  claims ;  also  one  each  to  the  acquiring  of  a  title  before  the 
patent  and  to  the  patent  itself.  The  different  kinds  of  claims,  as 
lode  claims,  placer  claims,  lodes  in  placers,  tunnel  claims,  mill  sites 
and  water  right  claims  are  systematically  treated.  Passing  by  some 
chapters  on  special  themes  we  may  note  those  on  the  rights  of  mine 
owners  and  of  miners  respectively,  and  the  one  on  the  application 
of  equitable  principles  and  remedies  to  mining  operations.  An 
appendix  embraces  the  United  States  statutes  relative  to  mineral 
deposits  and  the  land  office  regulations.  A  very  large  number  of 
cases  are  cited  and  briefly  abstracted  in  illustration  of  the  general 
treatment  of  the  several  themes.  T.  C.  C. 


The  Sciefice  of  Brickmaking  :  with  some  Account  of  the  Structure 
and  Physical  Properties  of  Bricks.  By  George  F.  Harris, 
F.G.S.      160  pp.     H.  Greville  Montgomery,  London,  1897. 

Professor  Harris  has  presented  in  this  little  volume  an  admirable 
elementary  treatise  upon  the  science  of  brickmaking,  which  cannot 
fail  to  be  of  much  value  to  the  more  intelligent  class  of  brickmakers 
and  clayworkers  generally.  The  subject  is  logically  and  systematically 
discussed  and  is  illustrated  with  a  large  number  of  local  examples  of 
brick-earths.  The  book  contains  much  new  information  upon  one  of 
the  most  important  economic  subjects  with  which  the  geologist  comes 
in  touch.  It  is  significant  to  see  a  man  of  Professor  Harris*  scientific 
attainments  in  the  more  theoretical  and  technical  phases  of  geology 
turning  his  attention  to  so  thoroughly  practical  a  subject  as  that  of 
brickmaking.  Professor  Harris  rightly  thinks  that  too  many  geolo- 
gists do  not  sufficiently  regard  the  economic  aspects  of  their  science, 
and  he  is  preparing  to  present  to  the  English-reading  public  still  fur- 
ther contributions  upon  the  practical  side  of  geology. 

The  book  opens  with  a  discussion  of  the  different  types  of  brick - 
earths,  which  are  classified  as  fluviatile,  lacustrine  and  fluviatile,  and 
marine.  Following  this  are  chapters  devoted  to  the  mineral  constitu- 
tion of  brick-earths,  and  the  behavior  of  the  various  minerals  in  the 
kiln.  In  this  connection  the  author  clearly  points  out  that  the  chem- 
ical analysis  does  not  always  afford  the  needed  information  to  the 
brickmaker,  but  that  the  physical  constitution  of  the  materials  also 
has  great  influence  in  determining  the  value  of  the  brick-earth. 
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The  chemistry  of  brick-earths  and  the  methods  to  be  pursued  in 
analyzing  them  are  considered  at  much  length.  The  micro-structure 
of  bricks  is  presented  in  a  manner  to  be  of  much  aid  to  the  practical 
brickmaker  who  is  anxious  to  determine  the  texture  of  his  product. 
The  important  question  of  the  durability  of  bricks  is  also  discussed. 
Among  the  tests  which  are  mentioned  by  the  author  are  the  chemical 
composition  of  the  brick,  its  absorptive  capacity,  its  minute  structure, 
its  specific  gravity,  and  its  strength.  Each  of  these  subjects  is  dis- 
cussed in  some  detail. 

This  information  cannot  but  be  highly  beneficial  to  the  brick- 
maker  capable  of  appreciating  the  bearing  which  accurate  scientific 
knowledge  has  upon  his  industry.  Similar  treatises  to  that  of  Profes- 
sor Harris,  with  American  illustrations,  would  be  of  much  value  to 
our  own  economic  interests.  The  more  our  operators,  whether  in  clay 
or  other  mineral  products,  come  to  realize  their  dependence  upon 
scientific  fact,  and  they  will  only  realize  it  by  the  geologist  interesting 
himself  in  their  work,  the  better  for  the  success  of  their  endeavors,  and 
the  greater  influence  the  scientific  expert  will  have  among  practical 
men  generally.  Wm.  B.  Clark. 
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Violinists  everywhere  will  hail  with  delight 
the  beaulifuDv  printed  and  authoritatively 
written  book  about  Old  Violins,  just  published 
by  Lyon  &  Healy,  Chicago.  The  fact  that  this 
volume  contains,  as  an  appendix,  a  list  of  the 
old  violins  offered  for  sale  by  Lyon  &  Healy, 
does  not  detract  from  its  literary  value,  It  is 
safe  to  say  that  any  lover  of  the  fiddle  might 
seek  a  long  time  before  he  could  find  anothrr 
volume,  whose  perusal  would  afford  him  sucb  a 
fund  of  entertamment.  The  short  biographies 
of  the  famous  violin  makers  are  wonderfully 
complete  and  comprise  a  host  of  fresh  anecdotes 
that  must  prove  vastly  interesting  to  violinists, 
great  and  small, 

'_»™  PAnRS-PREK  TO  Vi " 
f,  CHICAGO.] 


THE  MOROAN  PARK  ACADEMY 


The  University  of  Chicago. 


A  thorough  prepujilctry  school  for  both 
•ctKhen,  (11  •pcciiLiin  isd  Dollcgc  (ndniio 
ingt,  uhlitic  Gild,  eyniDUium.  Libniy  of 
Dclighlful  tiluaHon,  near  fnough  ihr  aty  kii  C 
10  ipcnd  Slturdiy  and  Sunlly  II  home  Pnp 
UnivEHilr  of  Chicago  and  nU  othci  CollegH  and  UnivenidH 
Life  in  bouict  uodci  tucbeTi'  lupeiviiion.    InDoductnTyew 


m  for  The 


For  CiicDdat  and  full  infomiation  addrtu 

CHARLES  n.  THURBBR,  Dtan, 

MOTSan  Park.  in. 


Safe  storage 
of  Documents 


ts  lit  Tha  llllaols  Trust  Salety 

secure  In  tilts  cnuntry. 

kiritv  urc  mostspscloUH  and  ele- 


_.ark    the   hlKhesI 

_.   bnlMlDfi  of  catetjr  daposll  vaults, 

^^-^^^  All  are  lavlted  ta  la«|>ect  tbcm.    No  obllntloa 

— --       — "■""  QMd  be  fall  to  (ruNKt  any  bnalnHi.    We  wiTl  feel 

amply  repaid  tor  the  showing  b*  the  favorable  com- 
Loutcd  InthaNawBalldlas  ol  Uia  menta  Ihat  will  follow  an  examination. 

ILLINOIS  TRUST  A,  SAVINGS  BANK.        *'°P''^p"=*"^™1J:„__„_  „„„r» 
Ceroer  Jackioa  and  La  Sail*  Sto..  ROBERT  BO  VD, 

CHICAOO.  SamMry  and  nanat^. 


BUFFALO  (P) 

LlTHlA  WATER  ^^ 

Nature's  Antidote  to  the  Liquor  and  Opium  Habit. 


iFing  the 

I  bblt 


Buffalo  LiTHiA  Water  ! 


Dr.  QEO.  A.  FOOTE,  a/  Warrmtan,  N.  C,  ex-FresUent  of  Medical  SeHely  of  North  Carolina, 
Mtmber  of  Norfh   Carolina  Stalt  Board  of  Hialih,  itc,  reffrrinu  lo  Sprinc    No.    I,  wriles:     '•  lU  most 

remarkable  aciion  is  in  destroying  or  preventing  the  desire  or  thirst  for  Intoxicants  uid 

narcotics.      During  a  stay  m   the   Springs  the   past   summer  1   had   large  opportunily  of      .    _.._ 
■clion  of  Ihe  Water  in  the  alCOhol   and   opIum   habit.      Among  Ihe  suffererE  from  the  alcohol  ti 
many  who   had  used  Ihe  Waler  for  some  weeks  assured  me  that  they  were  able,  without  difliculty,  lo  give 
up  the  alchollC  stimulant,  and  then    bad  no  ihiist  for  it.      Sufferers  from  Ihe  opIum  habit  generally 

represented  that  they  were  enabled   gradually  to  give  up  the  drug;    there  were  some 
very  remarkable  Instances  of  relief  among  thLs  class  of  patients." 

Dr.  EBERLE  0.  WELCH,  of  Ballimorr,  Aid.  Mimbfr  cf  Ihe  Medico-Ckirtirgical  Faculty  of 
MarylnHd,  writes :  "  1  have  recently  treated  a  case  of  Dipsomania  which  came  under  my  care  in 
February  last.       Fur  the  ten  years   prior   to   that   time    he  had   never  mis»!d  a  month  without  going 

".'..r4.hlf."d  BuFFAuiLiTHiA  Water  (!.i;".";°)  .",",in;r„f:",h':  ^':i 

alcoholic  stimulants,  a  period  of  over  five  months.     I  have  every  reason  to  believe  that  a  cure 
waa  effected  nuUnl;  by  the  use  ol  BUFFALO  LiTHIA  WWTER 

:s  for  sale  liy  (irocers  and  Druggists  generally.    Pamphleli 
m  application. 
PROPRIETOR,  BUFFALO    LITHIA   SPRIN'^S.  VA. 

I  THE  WASHBURN  BOOK   ABOUT  HANDOLINS  AND 

i  GUITARS. 

Any  one  interested  in  the  subject  of  maa- 
'  doliiis  and  guitars  can  obtain  a  beautiful 
'  book  about  thetn  free  by  writing  to  Lyon 
1   &    Healy,   Chicago.      Il   cotitaiiis  portraits  of 

over  too  teadinK  artists,  ti)j;elher  with  frank 
I  expressions  of  their  opinion  of  Ihe  new  1897 
I  tno<lel  Washburn  Instruments.  Uescriptions 
,  and  prices  of  all  grades  uf  Washbums.  from 

the  cheapest  (815.00)  upwards,  are  given,  lo- 
'  gether  with  .1  succinct  account  o(  the  points 
'  of  exctlletice  which  every  music  lover  should 
I  see  that  his  maruloliti  or  guitar  possesses.  Ad- 
I  dress,  Ue]>t.  M,  Lyun  &  Healv,  199  Wabash 

Avenue.  Chicapo. 


OUR  PRICES 

SEEM 

STRANGE 


"SUITS,  $15.00  TO  SSO.OO." 


$15.00  SUITS 

Mean  staple 


Inv  quallt;. 

$50.00  SUITS 


mployed  tliruuKhuut.  « 
oea<»9  whieb  will  cuntrlliv 
aexreu  to  u  BnlHlit>d  nwult. 
Betweeu  these  oitretnea  nc 
Samples  mailed  fre*. 


I  In  the  gliKhtmt 


TAILOR 

Cor.  Adans  and  Clark  St>.,     CHICAGO. 


The  Botanical  Gazette 

Kdited  by  John  M.  Coulter,  C.  K.  Harnes  and 
J.  C.  .'\rt1iur.  with  American  and  foreign 
as.s[>ciates.  Monthly;  at  least  80  pages. 
Devoted  tn  the  science  of  Botany  in  all  of  iti 
departments,  containing  results  of  research. 
book  reviews,  ni)le3  for  students,  and  news 
items.  $4-00  a  year;  foreign,  f 4.50  ;  single 
copies.  40  cts.  All  subscriptions  and  reijuesls 
for  sample  copies  should  be  addressed  to 

The  University  of  Chicago 

nnlTeiaitjr  Piew  DivUion,  Chicago,  III 


THE  SUMMER  QUARTER  OF  :::: 
THE  UNIVERSITY  OF  CHICAGO 

WILL  BEGIN  JULY  i. 

THIS  Quarter  is  an  integral  part  of  the  scholastic  year,  and  is  divided 
into  two  terms  of  six  weeks  each.  Over  200  courses  of  study  will  be 
given  by  more  than  100  professors  and  instructors.  In  the  Summer  of  1897 
there  were  present  1285  students,  who  undertook  work  as  follows : 

In  Philosophy  118,  Pedagogy  276,  Political  Economy  84,  Political 
Science  132,  History  269,  Sociology  245,  Comparative  Religion  4,  Semitic 
159,  Biblical  Greek,  126,  NewTestament  Literature  and  History  61,  Sanskrit 
and  Comparative  Philology  8,  Greek  228,  Latin  135,  Romance  156,  Ger- 
manic Languages  210,  English  684,  Mathematics  202,  Astronomy  13, 
Physics  137,  Chemistry  105,  Geology  68,  Zoology  51,  Neurology  7,  Anatomy 
and  Histology  47,  Physiology  43,  Botany  95,  Public  Speaking,  67,  System- 
atic Theology  62,  Church  History  69,  Homiletics  74,  Physical  Culture  170, 
and  in  the  Disciples'  Divinity  Schoql  13. 

The  first  term  of  the  Summer  Quarter  ends  August  11.  Great  advan- 
tages are  offered  to  teachers  who  can  spend  six  weeks  in  study  at  the 
University  and  still  have  from  two  to  four  weeks  of  vacation  before  the 
opening  of  schools.  Where  a  teacher  can  secure  a  year's  leave  of  absence, 
credit  for  five  Quarters  (or  lyi  years'  work)  in  the  University  may  be 
obtained  by  attendance  at  the  University  from  July  i,  1898,  to  September 
22,  1899.  A  number  of  students  have  already  secured  Master's  degrees  by 
Summer  study.  Many  are  working:  toward  degrees  who  are  present  at  the 
University  during  Summer  Quarters  only. 

All  the  libraries,  laboratories,  and  museums  will  be  open.  A  large 
number  of  special  lectures,  both  single  and  in  courses,  will  be  provided. 
The  expenses  for  the  Quarter  of  twelve  weeks,  including  tuition,  may  be 
made  less  than  5 100,  and  for  a  term  of  six  weeks  one-half  of  this  sum.  The 
complete  announcements  will  be  ready  in  March. 


For  circulars  and  other  information,  address 

THE  EXAMINER, 
THE  UNIVERSITY  OF  CHICAGO, 

CHICAGO,  ILL 


r 


.<*^'^^<^^<^^<^^'*viM^<^^<*^'*^'^^'*^<*=7\<m^<*^<^=n^^ 


Mr.  Gladstone. 


^ 


■*  1  '^HE  Greatest   of    Living    EngUdunes 

X       lor   the   fifth    time    fus   paid    The 

Youth's    Cofflpaaioa    the    compli- 

meat  of   making  it   tb<  inedium    tlmnigh 

which  to  additss  the  Amerkan  people. 

The  subject  for  tfie  next  Gxnpanioa 
article  is  Arthur  Keary  Hallam,  Mr. 
Gladstone's  dearest  schoolboy  frieod,  who 
was  alto  tlie  subjecl  of  Tennyson's  "In 
Memoriam."  It  will  be  publislied  in  The 
Companion's  New  Year's  Numlier. 

The\^ulhs 
(ompanion 

"  BTCiy  irrakii  New  Companion." 

Thf  reading  matter  in  a  single  issue  of  The  Companion  is  equal  in  amount  to  that  contained 
in  a  12ino  volume  of  one  hundred  and  seventy-five  pages.  And  how  few  books  tiave  the 
variety,  interest  and  value  Ifiat  characterize  The  Companion  I  The  paper  has  been  a  household 
word  and  a  family  friend  for  more  tlian  seventy  years.  Ttie  following  partial  fislof  cootiibuton 
indicates  the  strength  and  attractiveness  of  next  year's  volume : 


Statesmen. 

RIGHT  HON.  W.  E.  GLADSTONE. 
HON.  THOMAS  B.  REED. 
THE  DUKE  OF  ARGYLL. 
HON.  GEORGE  F.  HOAR, 


Story-TTcllcrs, 

RUDYARD  KIPLING. 
W.  D.  HOWELLS. 
FRANK  R.  STOCKTON. 
L  ZANGWILL. 


THE  MARQUIS  OF  DUFFERIN  AND  AVA.  MARY  E.  TILKINS. 

THE  MARQUIS  OF  LORNE.  HAYDEN  CARRUTH. 

HON.  HENRY  CABOT  LODGE.  CY  WARMAN. 

HON.  JUSTIN  McCarthy,  M.  p.  Mn.  hargaret  e.  sangster. 

A  Charming  Calendar,  in  12  >:olors.  Embossed  in  Cold.  Olven  lo  Eicli  New  Subscriber. 

This  Calendar  is  published  exclusively  by  The  Youth's  Companion  and  could  not  be  sold  in 
Art  Stores  for  less  ttun  Sl.OO.  It  consists  of  three  folding  parts,  each  giving  a  delightful 
picture  appropriate  to  the  months  it  represents.    It*  siie  is  10  x  24  inches,    tit    Vr     "Wr    ■(*■ 


Hn 

Important 

Offer. 


V  SUBSCRIBERS  wMjwIII  ci 


FREE  —  Than ksgl Ting,  Ctiristmatand  H*w  Xear't  DmblB  tfROiMri; 
PRBE  —The  CompanloD  ArfCaUodu  for  1B98.  ■  supeitor  proJucUon  to  iny 

AnJ  Th?  Comianl™  FlHy-h™  Weeks.  ■  Fulf  Y»r,  lo  J*n.  i,  1897-   E  »] 


Hrt 

Calendar 

fVee. 


*■«*■( 


Our  Protpedus  far  the  Voluan  for  I89S  »od  Stiinpla  Caplet  of  tilt  Paptr  Free. 

THE   YOUTH'S   COMPANION,  BOSTON,  MASS. 


BEAUTIFUL 

ETCHINGS 


S^B  ILLUSTRATINC 

>     ■  AMERICAN  iCENERTANt 
I  ^^AMERICANACHIEVEMEMP 

a    D     o    ON   a     a    tJ 

"Americas  okeatest  railroad"* 


In  Illustrated  «!< — ffi 
(2J'atal»>3ii«-  A 

Containin9  miniaturey 
reproductions  ^ill  be/) 
sent  free  post  paid  on 
receipt  of  one  2  ct.  stamp, 
by  George  H.Daniels, 
Qenl.Pass'rAat.  Grand 
Central5tation.'New3&rk. 


THE  BIRCeT  LINE 

Chicago  Cincinnati 

Indianapolis       Louisville 

ALL  SOUTHERN  CITIES 

Cll)  Ticket  Offlci.  232  Clirk  St..  ChlciM. 
W.  H.  McOOEL,  FRANK  J.  REED, 


Thim 


AND  Ba: 


>  Washin 


Leave  Chicago  a1  x  -.4$  A.M.,  sleepers  ready  id 
Deatboni  Station  at  9  :  30  P.M. 

Only  lipe  lo  the  (amous  health  resorls,  WbsT 
Badkn,  French  Lick  and  Paoli  Sfrcnos  {the 
latter  very  popular  with  school  teachers |. 

FRANK  J.  KEtl.,  a.  1'.  A.,  Chicago. 


The 
Favorite  Route  . . . 


CANADIAN  ^ . . 
EASTERN 

POINTS 


ST.    CLAIR    TUNNEL' 


Throuph  solid  vestibul. 
and  Second  Class  Coaches 
Sleeping  Cars  in  connection 
Railroad  Syflcm  daily  bctwi 

CHICAGO  and  NEW  YORK 
and  PHILADELPHIA 

via  Niagara  Fall*  and  Buffalo 

Through  Pullman  Sleeping  Car  Service  daily 
belwern  Chicago,  Delroit,  Ml.  Clemens,  Saginaw 
Valley,  Niagara  Falls,  Buffalo.  Boston,  Canadian 
and  New  England  Points  via  Montreal. 

For  rates,   sleeping   car  reservations,  folders, 
etc.,  apply  to  ticket  agents  of  the  company. 
Chas.  M.  Havs,  Cfneial  Manaect,  ) 


Michigan 


CHICAGO,  NEW  YORK,  BOSTON. 
Ihe  Route  of  THE  NORTH  SHORE  LIMITED 

Leaves  Chicajjo   2   r.M.   daily-     New   York 
in  24  hours,  Boston  in  26  hours.  20  minutes. 


CiiyTi 


ct  Office, 


TrudTlckctAfoI. 


^"jrme^  FOOD ! 


F  ItllM  lAk     For    rlnnlHI    ud 

tHiB«rtita».Dinnlll«.ll.r. 

SCUIiEIWSCELIilEm'  BOOKS. 

uuuii,  ucnut,  mn,  i>c. 

unvu,  uuGioi, 

uniBT.  moirn,  tutiu  Krun  ud  ii.TiiRUi[ninT. 

rm  DTiun^  nunciL  mohhit. 

OtAVUir.ul  CCUOD^         lu,  lu. 
B«Ddit>nipfDrcMilOKuctoA.  J.  CRAIVPURD, 


An  Ideal  Ocean  Voyage 


FRENCH  LINE 

MAURICE  W. 


CTimy    ILLINOIS 
•Jill VI    jviedlcal  College 

Medicine 

daring 

the 

Suoiaier. 


I  clinics.  WcIl-equippcd  Lflboi- 

I  thinl  less  than  la  Winter.  No 
I  other  great  dty  ha«  a  climate 
I  allowing  study  all  Summer. 
I  Co-eitucntlonaf!  Recofpilidl 
'bvthe  111 InoiR  Stale  Board  of 
Health.  Apply  to 
lf.fl4'aiirlk.A,At..M.O.Oean 
or  H.  H.  Btnen.  M.  D.,  Safy 
loi  Stale  St.  Chicago. 


T|iCBiicjitorni]|siciui$aiilsanie8i|sot6lilca|o 

Tha  tchool  Bl  M«4ielH  ol  the  Unlitnlti  si  llllioli. 

VooTTaan'  uradad  canna      V\rM  too  yean  laritely  labora- 

3mifc.  lait  tHO  years  larnsly  lUolcal  work.    Labormtory 
OIlBleai  faellltlei  anturpaiwd,     Penonii  Intemled  In 
— -— -'-»U.Hi«aLnTiiBdtolnnatla.l"tUiDolle«e.  Pot 
apply  lo  Dr.  Wm.  Allea  Puscy,  SecreUry, 


MEDICAI. 
STUDENTS 

Bivbaat  tiret«nHl  lor  aoiwiwliil  «re«n  by  a  ooune  com- 
Unlus  actual  pracUcs  wlUi  laboralury  and  ollnioai  work. 
nia  asd  other  adTam-ed  iduaa  arc  (ralurea  of 

HARVEV  MEDICAL  COLLEdE.  CHICAOO. 
Aay  iBtamled  In  tha  aludy  «t  iur«licinu  can  ublajn  turthar 
iDfomatloB  [miB 
FIMCEI  nCKIHMH,  H.  D..  IB7-17I  Clirk  SIrMi,  ChlcaBC. 


GEBR.  BORNTRAEGER, 

SchOnebereeratrasBC,  Hb, 

BERLIN,  S.W.,  GERMANY, 
Are  the  European  A Ecnta  for  the  "Botanical 

Gagette." 

IteaDCrB  VUl  confer  a  favor  upon  itw  nunage- 
mcat  If  dM^  will  kindly  mention  the  "Journal 
of  GcoIogY    whin  writing  advertitcn 


UPON   EASY  TERMS  OF  PAYMENT. 


THE  NEW  ILLUSntATBD 

Chambers's 
Encyclopaedia 

Published  by  J.  B.  Lippincott  Company, 
has  been  thorougbl;  revised  and  brought 

UP-TO-DATE. 

SOLD    EXCLUSIVELY 
BY    SUBSCRIPTION. 


SMALL  MONTHLY  PAYMENTS 

Illustrated  circular  and  terms  of  sole 
sent  upon  application. 

J.  B.  Lippincott  Company, 


2 


Chicago 
STUDY  Law  School 


CiU^'i 


blmail.adi 


Studyss-... 

B  ort.TakmptntlaivDaiT.  ■ 


Ho  11)0  ijs^sSss.'IBHf 


SIMEON  W.  KINO 

Atternty  al  Law, 
Unittd  SUIti  ConiBtiitJeMr 

tonnlsslogeroliKili 


For  ILl  tki  SbUt  ul  lUrlloria, 

'ai^^k! 


^ArtKo-lfd 


CXJcat.i.j,:-cx^cc.(-a 


THE  UNIVERSITY  OF  CHICAGO  JOURNALS 

per.  Motilhlylabo' 
•  and   Dectmixr,  ,    , 

montbly  nugazioc;  illustrated;  devoted  exdusively  to  biblical  study.  The  best  nuig;ajkic 
published  for  the  busy  minister,  the  Sunday-school  teacher,  and  the  thinking  layman. 

ta-oe^jrai,  tortigu,  |a^i  «U«li.  (sijilin,  io  fenw. 

Thei  (u-hnni  Rot/aou/  Edited  by  Charles  H.  Thurber.  Monthly,  except  in  July  and 
ine  SCnOOl  neview  August  i  averages  about  80  pages.  This  publication  b  distinc- 
tively the  national  representative  of  high-school  and  academic  work.  Special  number  in  June. 

Til*!  Rntitnintl  f^nTOtlt^  Edited  by  John  M.  Coulter.  Monthly,  illuEtratedi  at 
I  ne  dOtaniCal  gazette  ^^,  gj,  ^^    Devoted  to  iU  science  of  botany  in  all 

its  departments,  containing  results  of  research,  book  reviews,  notes  for  students,  and  news 
Items.    Contributions  from  leading  botanists,   tt.io  '  yn-r;  ttneiga,  mM;  iiDgjc  aip)>^  lo  rsniB.      ^ 

Th*»  Initrnat  nf  CUi-ninnv  EdiUd  by  T.  C  Chamberlin.  Semi-quarterlyi  about 
I  ne  journal  OI  UeOIOgy  120  ^^^   Devoted  to  the  interests  of  eeoloey  and  the 

allied  sciences,  and  contains  articles  covering  a  'wide  range  of  subjects.  Adapted  to  young 
geologists,  advanced  students  and  teachers,   •a.uos^au';  roTei^rn,  S^oii  lUglc  fo^iin. su  »nu. 

The  Astrophysical  Journal  i;±SS?S,',2?'S,,°ib^fgSgfiS3; 

andJamesE. Keeler.  Monthly.cxce^inJulyandSeptember;  illustrated!  afxnil  30 pages- 
Invaluable  to  all  who  are  interested  in  astronomy  and  astrophysics. 


tion  promotes  the  scientific  treatment  of  problems  in  practical  economics  and  also  contains 
contributions  on  topics  of  theoretical  and  speculative  interest.  (3.iWa;»u'^  nlnslu  cu|ii».  7i  cenu. 

The  American  Journal  of  Theology  ^^^'^,°'^ll'^U',^y 

jouroal  in  the  world  so  catholic  in  its  scope  as  to  cover  the  entire  field  of  modern  investiga- 
tion and  research  in  all  the  different  lines  of  theological  thought  represented  by  special  fields 

and  particular  schools.    »"»  *  Iil»r ;  forolBn.  JJ.en  -.  OanW-  copl.a.  H  renU. 

,The  American  Journal  of  Sociology  SS,'''  •?£?,«»,  S^'-iu 

issue  by  issue. 


The  American  Journal  of  Semitic  Languages  and  Literatures 

e  among  scholars 

Tho  llniuAfcitv  Df^rnrH  Published  weekly.    It  contains  articles  on  literary  and 
ine  university  KeCOra  educational  topics,  the  Convocation  Addresses,  and  the 
Quarterly  Statements  of  the  President.    An  official  weekly  report  is  given  of  the  afiairs  of 
ic  University  of  Chicago.  ti.»«»<»r;  foniign,  ti-Mi  liiwie  ooiuci,  s  cenu. 
IKE  INIVERSITY  OF  CHICAGO.  The  University  Pms  IKvision,  CHICAGO,  ILL. 


McCLURE'S 
riAQAZINE 


FOR  THE  COMING  YEAR 

Some  Notable  Features 


i^reat  War  Secretary  and  he  was  sent  on  many  private  miSBions  to  make  importaot  ^ 
gationsin  the  army.  Lincoln  called  him  **The  Byes  of  the  Qovernment  at  the  Front,"  Everywhere  through  these 
memoirs  ate  bits  of  Secret  History  and  Fresh  Recollections  of  Great  Men."  These  reminiscences  will  be  illustrated 
with  many  Rare  and  Unpublished  War  Photographs  from  the  government  collection,  whidi  now  oootains  over  8000  negatives 
of  almost  priceless  value. 


The  Christmas  McClukb*s  contained  a  complete  Short  Story  by  Rudyard  Kipling 
entitled  **  The  Tomb  of  His  Ancestor.*'  the  Tale  of  a  clouded  Tiger,  an  officer  in  the 
Indian  army,  and  a  rebellious  tribe.  We  have  in  hand  also  a  New  Ballad,  a  powerful, 
trim,  moving  song  of  War-Ships.  It  will  be  superbly  illustrated.  Mr.  Kipling  will  be  a 
frequent  oootribntor. 


RUDYARD   KIPLING 
STORIES  AND  POEMS 


ANTHONY  HOPE'S 
NEW  ZENDA  NOVEL 


*'  Rupert  of  Hentzau,"  the  sequel  to  **The  Prisoner  of  Zenda."  In  splendid 
invention,  in  characters,  in  dramatic  situations,  it  is  the  noblest  and  most  stirring  novel  that 
Anthony  Hope  has  ever  written. 


Rudyard  Kipling,  Robert  Barr.  William  Allen  White,  Ian  Maclaren, 
Octave  Thanet,  Stephen  Crane,  and  many  others,  the  best  story-vrriters  in  the  world, 
will  contribute  to  McClure*s  during  the  coming  year. 


SHORT  STORIES  BY 
GREAT  AUTHORS 


EDISON'S  LATEST 
ACHIEVEMENT 


Edison's  Wonderful  Invention.  The  result  of  eight  years'  constant  labor.  Moun- 
tains ground  to  dust,  and  the  iron  ore  extracted  by  magnetism.  The  Fastest  Ship.  An 
article  by  the  inventor  and  constructor  of  "Turbinia,"  a  vessel  that  can  make  the  speed  of  an 
express  train.      Making  a  Great  Teleacope,  by  the  most  competent  authority  living. 


Lord  Kelvin,  a  character  sketch  and  substance  of  a  conversation  with  this  eminent  scientist  on  unsolvea  problems  ol  saence. 


Drawn  from  fifteen  years' personal  experience  as  brakeman.  fireman  and  engineer,  by  Her- 
bert E.  Hamblin.  It  is  a  narrative  of  work,  adventure  hasards,  accidents  and 
escapes,  and  is  as  vivid  and  dramatic  as  a  piece  of  fiction. 


THE  RAILROAD 
MAN'S  LIFE 


C.  D.  GIBSON 
in  EGYPT 


Mr.  Gibson  has  just  sailed  for  the  Mediterranean.  He  will  spend  the  winter  In  Egypt  and 
make  there  a  series  of  pictures  that  will  be  published  in  installmenu  in  McClvre's  Magaiime  during 
the  coming  year. 


Its  houses,  streets,  means  of  travel,  water  supply,  safeguards  of  life  and  health,  sports  and  pleasures 
—the  conditions  of  life  of  the  perfected  city  of  the  next  century,  by  Col.  George  £.  ^¥aring,  Jr.,  Com- 
missioner of  the  Street  Cleanmg  Department  of  New  York. 


NEW  YORK 
in  IQ50 


(—"""^"""T^""^  Andr^e:    His  Balloon  and  His  Expedition,  from  materials  furnished  by  the  brother  of  Mr.  Strin- 

ADVENTURE  |  berg,  Andre's  companran.  Seven  Hedin  in  Unexplored  Asia,  a  story  of  remarkable  adventure  and 
^"^"'■■^■■^^^^^■^■*  endurance.  Landor  In  Thibet.  His  own  story.  He  was  captured,  tortured  and  finally  escaped  to 
India.  Jackson  in  the  Far  North.  The  famous  explorer  writes  of  the  years  he  lived  m  regions  far  north  of  the  boundaries  ol 
human  habitation. 

The  great  Arctic  explorer  has  written  an  article  on  the  possibilities  of  reaching  the  North  Pole ;  on  the  ^m^^^^^^^^m^^ 

methods  tnat  the  next  expedition  should  adopt,  and  the  important  scientific  knowledge  to  be  gained  by  an  I      NANSEN    I 

expedition;  concerning  the  climate,  the  ocean  currents,  depth  and  temperature  of  the  water,  etc    This  L^^.b.^^^^^hJ 
knowledge  will  be  of  the  greatest  value  to  science. 


The  best  artists  and  illustrators  are  making  pictures  for  McClure's  Magazine.    A. 


I^^^^^T^^'^I^H^^ITTrTT'^T^  *™^   "^"    anisi*    aiiu    iiiuxraiont   are   lUBKin^   piciures  lOr  MCV^LUKK'S  MAGAZINE.      A.   0. 

ILLUSTRATIONS  |    Frost,  Peter  Newell,  C.  D.  Gibson,  Howard    Pyle,  Kenyon    Cox,  C.  K.  LiaM>n, 
^"^■■■■^^■""""■"■■^"■^^  W.  D.  Stevens,  Alfred  Brennan  and  others. 


pl^pC  The   November  Number  will  be  given  free  with  new  subscriptions.     This  number 

*  ■V.'-^'-^*  contains  the  opening  chapters  of  Dana's  Reminiscences,  Mark  Twain's  Voyage  from 
India  to  South  Africa,  the  account  of  Edison's  great  invention,  and  a  mass  of  interesting  matter  and 
illustrations. 

BB  5URB  TO  ASK  FOR  IT  IN  SUBSCRIBING. 

One  Dollar  a  Year.        Ten  Cents  a  Copy. 

THE  S.  S.  McCLURE  COMPANY, 

340  East  35th  Street.  New  York. 


IT  IS  WISE  EUJMiMV  m  vsE  G'Hjit  SuAi-.     Our  soaps  arc   sold   entirely  on  their 
merits,  with  our  guarantee  of  purity.     TmttsANW  of  families  use  them,  ^Dd 
have  for  many  years,  in  every  locabty,  many  in  your  vicinity. 
nr*i     _      I     _      (     •  1^1  _  «ivfs  yiiu  ball  ihc  ri.i'ubr  tutail  urici-s;   hall  the  con, 

IIIC      UallVlll      nail     ,,,yaU„„-,  p,oH,.  „ro   jw*  in  »  i,r.-miL,  llseU 

'rimmed  Bed.     MelnUic 
;httul  fcclint;  <>f  cieanliiiess 

'  "is    tlip    KXI 

RilT 


RmfiS  Uip  rotl 

Our  Great  Combination  Box. 


s  prohl-i  arc   V' 
of  equal  vnlue.    Om-  nnnnium  is  A  White  Enameled,  Ste^,  Brass-Trimmed  Bed.    MeinUic 
Ixsk  lukl  liciiulynnil  ctii-vrliiliu'Si  lo  iIh;  ■'ii:iiii1ii-r,  v,\i;W  liicy 
thal  iiivirs  rcjHiii;.     '■'bt^y  hnnii-iiiiiii;  pi-rl- rtly  H'iih  turniim 
at   huail   aiirl   Umi,   anil  'lii'nvy   Unm,   \:'Ail-\aaiut:til   ■.••! 
trimniii^K.    VfryMrmi):  niul  will  ln>t  n  lilutim-,    5lnllu- 
alil.:  ra-tint;.,  «ill  mi-.-r    liriak.      I )i.lnL-lifllik  lignuiii- 
viut    l.alM>i.'ariii}:  cnMiis.     4  l-ci  (,  in.  wi<l<;.     6  liit 
6  in.  l..ni;.      II.ii<i,  4  (tcl  S'i  in-      F—L  3  ''-■=■  2'i  in. 
hi|.'h.     Oirnrr  ]<»~N  nr<:  1  indi  in  (li.-unLt.T.     'lU.^  U.l 
is  the  ArlirU-  of  KurninirL-  Smiri'iiw;     In  it  a  -Hiinl  of 
Uk'  is  Vii,^-<\. 

II,  after  lliirly  ihiys'  trial,  the  iiurrhasti  finds  all 
Ihb  ,Soa|)s,  clc,  III  i'\ri'tl;  nt  quality  anil  tho  premium 
nlirely  *alislarniry  iimi  ns  ri*|>ri'S0i      '  ■•»--- 


if  not 


suint' 


o  chni^i:  f'nwhat  yini  liavx  lucil. 


ordL'r. 


If.V(»i  rrmit  in  nilrnncr,  ytni  will  ncvirr  in  ndiiltinn    | 

day  aA^rlfnlcr'h- nxvlritl.  "ilnney  reth'o'iletl  /•rnniiii'lr    I 
If  the  Bom  t<r  PnahiM  ihien  nut  jimvc  nil  exprclcii.    ] 


jiiilihiWb  wlv> 


■  Chaiiuu'iun  Dnk    i    ' 

prke,    Tfiii.  i.>..ti*;n  iIk  Jfim  iHwUuI  ■■'.py  nu;  l»ll.  "nJ    S    1  amii  MODJE^A  TOCM  MinM 

Bookitt  ffanaionKly  llluilntlaM  * 

15  Pnathiau  ttal  ea  mfimi. 

THE  LARKIN   SOAP  IHFQ.  CO.,  Buffalo,  N.  V. 


COIITBBn.BHfMl 

naamt.  wKtku 

£S$io.  (•nm 


When  Doctors  Differ  Who  Shall  Degio£ 


»j<»»»<it^»'«w»«^i<*a<«ww***»*«»»< 


But  the  fact  is,  doctors  do  noi  differ  in  their  opinio 
of  Pears' Soap.  Sir  Erasmus  Wilson,  F.R.S.,  1 
President  of  the  Royal  college  of  Surgeons,  Engkn 
the  renowned  Dermatologist,  writes;  "Nothing  has 
swcredso  well,  or  proved  so  beneficial  (o  the  skin  as  Pears' SoaQ 
and  Dr.  James Startin  in  his  work  upon  the  "Skin  ; 

Complexion,"  writes:    "There  is  however,  ow ^ow/>,  which  I 
met  with  such  warm  comnicndalion  from  writers  that  it  should  5 
mentioned  here,  as  / lan  eiufor.'ie  all  that /ms  iK^n  written  and  said 
the  late  Mr.  Startin,  Sir  Erasmus  Wilson  and  Dr.  Tilbury  Fox  i 
cerning  it.    It  was  through  lAcir  instrumentality  that,  on  accoifl 
of  its  purity  Pears'  Soap  wa.";  introduced  into  hospitals. 
obtained  a  world-wide  reputation,  and  deservedly  so," 

Dr.  Redwood.  Ph.D.,F.I.C,F.C.S.,  late  Professor  j 

Chemistry  and  Pharmacy  to  the  Pharmaceutical  Sa 
Cty  of  Great  Britain,  says;  -I  have  never  come  across  I 
other  toilet  soap  which  so  closely  realises  my  ideal  of  pcifectio 


BEAUTY  IS  ONLY  SKIN  DEEP. 
All  the  more  necessary  then  to  attend  to  the  skin,  and 
keep  it  clear  from  impurities.  Pears'  Soap  ensures 
a  proper  performance  of  the  functions  of  the  skin,  an 
keeps  the  complexion  in  its  natural  bloom. 

Tliwesre  wi  nuny  dan^nw,  and  even  poUonmu  Map,  In  the  nurkct  th,t  ■  tberousb* 
ly  rribbl, snlct,  lllu  I'GARS'  SOAP,  Uiu  Ma:ompli,bea  atUliBt  it  b  dalmed  for  It,  U  , 
MIcbiwn. 


PHYSICIANS  PRESCRIBE  IT. 
GROCERS -SELL  IT. 
GOOD  COOKS  SERVE  IT 
BLACK.AND  CICH  fiS  MOCHA 


POSTUM  CEREAL 
FOOD  COFFEE. 

Its  t^te  is  that  of  the  milder  and  more  expensive 
grades  of  Java. 

Ii  is  an  absolutely  pure  product  of  the  cereals  In- 
tended by  nature  for  man's  sustenance,  and  selected  by 
the  highest  scientific  knowledge  of  the  food  elements 
required  by  the  human  body. 

About  70  per  cent  is  from  the  gluten,  aibumens 

and  phosphates  of  wheat  which  go  directly  to  make 

the  gray  matter  in  the  nerve  cells.    (Well-fed  nerve 

centers  mean  health,  strength  and  success  in  life.) 

About  20  per  cent  is  the  starchy  particles  of 

grain  which  go  to  make  the  fat  globules  of  the 

body,  and  about  lo  per  cent  is  saccharine  matter, 

(sugar)  prepared  from  cereals. 

That  is  why  the  famous  saying  "It  makes 
red  blood"  is  true  when  common  coEFce  docs 
exactly  the  other  thing. 

The  alkaloids  in  coffee   arc  well   enough 
known  to  Physicians  and  Chemists  as  iden- 
tical with  those  of  morphine,  whiskey  :tnd 
tobacco,  but  less  in  degree.     A  strong  con- 
stitution   can    stand    daily   doses.      Many 
good  constitutions  feel  even  small  dosci 
of  coffee. 

In   the   race  for  success,   throw  off 

the  impediments  and  take  advantage  u! 

the  health  and  strength  to  be  found  ui 

icientifically    prepared    Food    Coffee. 

You  can  tuni  sturdy  good  health  and 

strength  into  gold  and  fame. 

That's     sense,    plain     common 
sense- 

Postum  Cereal  Food  Coffee  can 
found  in  all  the  better  fancy 
groceries. 

Warning.     Don't   "dr 

Posium.     Boil   [5  minutes        1 

see  that  you  have  enoup'.  m  to 

make  it  black  and  rich  and 

"  there    you    are "    a    fritnii 

forever. 


SAMPLES     SENT    FREE 

Postum  Cereal  Co.,Liin. 
Battle  Creek.  Mich. 
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